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Ceramics Composition and Structure Elucidated 
by the Raman Spectra Method 


43067165a Tokyo NIKKAN KOGYO SHIMBUN in 
Japanese 4 Jul 89 p 21I—FOR OFFICIAL USE ONLY 


[Text] SAGA—Hikaru Takase, chief researcher of the 
Materials Development Department of the Agency of 
Industrial Science and Technology’s Government Indus- 
trial Research Institute, Kyushu, has investigated the 
additive effect, the firing-temperature effect and so on of 
all sorts of ceramic materials by the Raman spectra 
method, and has succeeded in elucidating the relation- 
ship between composition and structure. Up till now, 
most cases of measurement o/ such things as atom type 
and composition, mode of biiiding between atoms and 
atom movement of ceramic materials have used X-rays, 
but measurement of vitreous and amorphous materials 
is difficult with the general X-ray analysis method. 
Therefore, the Raman spectra method has been 
attracting attention along with the infrared absorption 
spectra method as a spectral method to supplement the 
X-ray analysis method. 
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Figure 1. The “Thialon Raman Spectrum” Which 
Occurs at Hot-Press Temperatures of 1750, 1800 and 
1850 Degrees Centigrade 
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When one causes a single-color light like a laser to strike a 
sample, in the scattered light, in addition to light of the same 
frequency as the single-color light, there will be emitted light 
which is bound to the sample’s own frequency. The Raman 
spectra method captures and analyzes that small amount of 
scattered light. The method has such characteristics as being 
able to get along with a small amount of sample, having a 
longer wavelength than X-rays, so that information (fre- 
quency spectrum) can be obtained which differs from that 
with X-rays, not requiring a vacuum atmosphere and not 
requiring surface treatment. 


ADVANCED MATERIALS 1 


Using an argon laser beam (100 to 200 milliwatt) as the 
light source, Chief Researcher Takase caused it to con- 
verge, guided it to the sample by mirrors and so on, 
inserted the Raman-light emitted by the sample into a 
spectroscope (manufactured by America’s (Specs) Inc.), 
detected it by a photomultimeter, and recorded and 
analyzed it. For samples he used (thialon), silicon 
nitride, silicon-nitride group-silicon-carbide group com- 
posite materials and so on. As a result of the Raman 
measurement, it was learned that with (thialon) a hot- 
press temperature of 1850°C is necessary for making it 
fine. And as the volume of the replacement solid solution 
of aluminum and oxygen increases, the disarray of the 
structure of the silicon nitride increases and the constant 
of the strength of the chemical bond decreases; as a 
result, even the Raman band becomes broader, its 
strength declines, and the frequency shifts to the low- 
frequency side. 


Furthermore, it was learned that with silicon nitride on 
which pressure is exerted in a nitrogen gas atmosphere, a 
glass layer can be detected, and that with silicon-nitride 
group silicon-carbide group composite materials, when 
silicon carbide is added, infrared light is not affected, but 
Raman light is. Chief Researcher Takase says: “In the 
future I will investigate as many ceramic materials as 
possible, and along with elucidating the correlation 
between their structure and organization, will obtain 
basic data for improving their characteristics.” 


Ultrasonic Oscillator Using Ceramic Horn 


43067165b Tokyo NIKKAN KOGYO SHIMBUN in 
Japanese 4 Jul 89 p 2I—FOR OFFICIAL USE ONLY 


[Text] The Science and Technology Agency’s National 
Research Institute for Metals and Shinagawa Refracto- 
ries Co., Ltd have jointly test manufactured an ultra- 
sonic oscillator which uses ceramic horn. Compared with 
conventional metal horns, it has such characteristics as 
being superior in terms of heat resistance, corrosion 
resistance and abrasion resistance. The ceramic horn 
that was trial manufactured using alumina ceramics, 
which can be applied to ultrasonic oscillation in the 
melting and solidifying processes, the objective of which 
is refinement of the metal crystal grains, can be used at a 
high temperature of 700°C, so ultrasonic oscillation of 
molten aluminum, whose melting point is 660°C, has 
become possible. In the future the National Research 
Institute for Metals will set to work on development of 
ceramic horn using silicone nitrite and (thialon) as 
materials, having in mind an ultrasonic oscillator whose 
strength does not decline even at high temperatures of 
1600°C. 


A large number of all sorts of ultrasonic machines and 
devices that use ultrasonic energy as a power source, 
such as ultrasonic cleaners, ultrasonic processors and 
ultrasonic welders, are being used in a wide range of 
fields. To be precise, they are used in such technological 
fields as cleaning, junction, dispersion and measure- 
ment, but there are no examples of application to 
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(molten solutions) with the aim of such things as pro- 
moting the escape of gas, removal of impurities and 
dispersion of molten metal into molten metal. 


Under conditions like coming into contact with molten 
metal, the metal horn used up to now ends up contami- 
nating the molten metal by dissolving in it. Particularly 
in the case in which one tries to refine crystal grains by 
adding ultrasonic oscillation to molten metal that is in 
the process of hardening, metal horn easily dissolves into 
the molten metal and is changed into an alloy. 


In order to resolve these problem points, the National 
Research Institute for Metals trial-manufactured horn 
using ceramics as the material, and studied such things 
as the relation with temperature, transmission of vibra- 
tion, and durability. In regard to strength at high tem- 
perature, ultrasonic oscillation of the molten solution at 
700°C was realized by using alumina ceramics as the 
material, and since it was possible to make direct contact 
with the molten solution, it had a great effect in refining 
and homogenizing of crystal grains. This time the insti- 
tute pushed ahead with research aiming at the effect of 
applying vibration to such metal processing processes as 
molten metal and the hardening process, and it says that 
there is no worry of the friction-part melting, as there is 
with metal horn, and that it is also effective in ultrasonic 
junction of such precision parts as electronic parts. 


Nonflammable High-Polymer Composite Material 
R&D Planned 


43067165c Tokyo NIKKAN KOGYO SHIMBUN in 
Japanese 4 Jul 89 p I—FOR OFFICIAL USE ONLY 


[Text] The Ministry of International Trade and Industry 
will set to work on development of nonflammable high- 
polymer composite material, investing a total of ¥ 10 
billion in a 10-year plan which will begin in FY90. Its 
objective is to develop nonflammable high-polymer 
building material which will be needed for such new 
construction as ultra high rise housing, development of 
which is anticipated from the 1990's into the year 2000. 
Composite materials up to now have problems in the 
aspect of heat resistance and fire resistance, so industry, 
academia and government will cooperate in developing 
the new material in accordance with MITI’s system of 
large industrial technology R&D (large projects). 


Utilization of new materials is sluggish, and the decisive 
factor in its expansion is an avenue for its use in the field 
of construction materials, in which there is a great 
demand. In particular, it is anticipated that demand for 
new materials will expand by leaps and bounds because 
of such things as its strength, lightness and corrosion 
resistance if such new space-creating projects as ultra 
high rise housing, development of space, development of 
the oceans and development of underground spaces at 
great depths are realized. 


However, in these facilities, from the viewpoint of 
safety, improvement has become necessary in such char- 
acteristics as heat resistance and flame resistance, which 
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up to now were lagging behind in new materials. Espe- 
cially in high-polymer group composite materials, 
emphasis was placed on lightness and strength, so in 
using them for housing, fire countermeasures and other 
problems in terms of the Building Standards Act and so 
on have become problems. 


Therefore, along with these themes, from the viewpoint 
of practical use MITI will grapple with realization of 
such things as enhancement of economy and durability, 
and nontoxicity when there is a fire. And in addition, 
MITI will promote development of treatment technology 
to increase the complexity of the carbon fibers and glass 
fibers that make up the composite material, and such 
matrix materials as cement and phenol resin, which are 
excellent in forming composites with reinforcing mate- 
rial. 


These technologies are at a stage in which they have 
finally begun to be handled even by the private sector. 
Therefore, there are also many risks in future R&D, so 
the support of the nation, universities and so on will be 
indispensible in the field of basic research. Therefore, 
industry, academia and government will cooperate in a 
large project, and will carry out comprehensive research 
from basic to application. As definite themes, the main 
research themes will be such things as composite mate- 
rial of fine-grain cement and carbon fiber, composite 
material of phenol resin and carbon fiber and material 
combining the two. 


High-Purity Alumina Long Fiber 


43067165d Tokyo NIKKAN KOGYO SHIMBUN in 
Japanese 5 Jul 89 p 19—FOR OFFICIAL USE ONLY 


[Text] Mitsui Mining Co., Ltd. has developed long 
alumina fiber with the high degree of alumina purity of 
99.5 percent or higher (product name: (Almax), and will 
enter the ceramic fiber field in earnest. The fiber pos- 
sesses the properties of a tensile strength of 180 kg/mm7?, 
a tensile modulus of elasticity of 33000 kg/mm7, and a 
heat-resistance temperature of 1400°C. Its tensile mod- 
ulus of elasticity in particular, greatly surpasses the 
10000 to 20000 kg/mm? of existing alumina long fiber. 
Mitsui Mining developed woven cloth jointly with 
Kanebo, Ltd. by processing this long fiber. Furthermore, 
it also succeeded in trial manufacture of paper, and will 
ship out samples at the same time as the fiber. It is 
already operating a pilot plant with an annual produc- 
tion of about 5 tons at its central laboratory in Tochigi 
Prefecture’s Kokufumachi, and will establish a full- 
fledged plant 18 months to 2 years from now, aiming at 
an annual production of 50 to 60 tons. 


Mitsui Mining has been developing alumina long fiber 
since 1979 with the objective of developing a high- 
performance long-fiber product of high-purity alumina. 


Even within alumina fiber, there is a market for short 
fiber on the scale of several hundred tons per year, and 
many enterprises participate. But there are many tech- 
nological problems in relation to long fiber, so the only 
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two enterprises in the market in Japan are Sumitomo 
Chemical Co., Ltd and Denki Kagaku Kogyo K.K.. The 
scale of the market, too, is less than 100 tons per year. 
This time Mitsui Mining has attained the prospect of 
solving technological problems in the manufacturing 
process, so it will branch out into the ceramic fiber field 
in earnest. 


The beauty of Almax lies in the point that the purity of 
the alumina is high, at 99.5 percent or higher, and that it 
uses no silica whatsoever, and has added another ingre- 
dient in its place which restrains crystal growth. The 
limit on purity of long fibers up to now was 85 to 90 
percent. Mimtsui Mining was able to raise the heat- 
resistance temperature to 1400°C by making the degree 
of purity 99.5 percent or higher, so it is very stable even 
in a high-temperature oxidation atmosphere. 


ADVANCED MATERIALS 3 


Moreover, since it is very flexible and very strong, and 
superior in electric insulation, Mitsui Mining will push 
ahead developing its use as fire-resistant adiabatic mate- 
rial in high-temperature ranges and as reinforcing mate- 
rial for plastic, metal and so on which is used in such 
things as sports gear, electronic structural material and 
fuel cells, and parts for such things as aircraft, automo- 
biles and machines. 


The price of the samples is ¥ 70,000 to ¥ 80,000 per 
kilogram. It is said that further reduction in cost will be 
possible if the company contrives to put it into mass 
productio). Silicon carbide long fiber exists as a com- 
peting fiber, but alumina long fiber is considered to be 
advantageous in terms of cost. Based on this long fiber, 
Mitsui Mining has developed such various kinds of cloth 
as plain cloth, (shushi cloth,) and figured cloth jointly 
with Kanebo, and has also succeeded in trial manufac- 
ture of paper. 
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Company Activities in Biotechnology Noted 


Mitsubishi Corporation Establishes Biotechnology 
Committee 


43063551 Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 1 May 89 p 7—FOR OFFICIAL USE ONLY 


[Text] Mitsubishi Corp has established a biotechnology 
committee consisting of members from various business 
departments. Using the proposals of young employees 
from each department of the company, they have devel- 
oped and marketed a fixation machine for small animals 
to be used for experiments, and computer software to 
analyze molecular structures jointly with manufacturers. 
The company undertakes many new enterprises of under 
¥ | billion each and teaches them the business know-how 
of particular technologies. They intended to establish a 
new system for leading technology which is a weakpoint 
of general trading companies. 


The biotechnology committee consists of young 
employees belonging to the food, chemistry, machinery, 
and materials departments. The technology department 
serves as its business office, and the committee 
chairman, Yasushi Takahara, has overall control of the 
company. The average age of the employees belonging to 
this committee is 30. As a rule, they hold a meeting once 
a month. 


The fixation machine was jointly developed Asahi Glass 
and Kyorin University. Mice are fixed with a machine 
similar to a mouse catcher in order to prevent them from 
being wild during experiments, such as injection and 
dissection. They commercialized the machine which was 
devised by Kyorin University. Mitsubishi Shoji markets 
it to universities and research institutes throughout the 
country. They intend to strengthen the relationship with 
customers in new markets in order to form channels to 
sell expensive goods, including electronic machinery for 
experimental use. 


The software for molecular analysis was developed by 
Biosim Technology, a U.S. venture business headquar- 
tered in California. It calculates molecular structures and 
energy states by using simulation, without conducting 
expensive chemical experiments. Molecular structures 
were calculated only in a vacuum, where there is no 
external action, with the conventional software. Biosim’s 
method has made it possible to calculate in water where 
molecular states are very close to natural ones. Mitsub- 
ishi markets this software. In addition, it collects exper- 
imental data required to develop high-functional soft- 
ware from customers’ industries. 


Other than this, the company has began marketing a 
machine that automatically measures cell numbers sus- 
pended in a test tube. The machine was developed 
jointly with Shimazu Seisakujo, and AMS Inc, a venture 
business headquartered in London. 


The annual volume of business for each product is 
between ¥ 100 million and ¥ | billion, and the company 
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aims to restructure close relationships with customers in 
each industry that is l'nked to each business department. 


Sapporo Beer Biotechnology Strategy Planning 


43063551 NIKKEI SANGYO SHIMBUN in Japanese 
1 May 89 p 17—FOR OFFICIAL USE ONLY 


[Text] Sapporo Beer has planned R&D strategy for 
biotechnology, aiming at commercialization in the 
beginning of the 21st century. They have just decided 
major research areas, and R&D is now in a preparatory 
stage, but theiy enthusiasm for the business is very 
strong. This report presents the trend of Sapporo Beer’s 
R&D strategy where the y are prepared for high risks and 
high returns. 


Reorganizing Its System for Efficiency 


In September last year, Sapporo beer began to reorganize 
its R&D department. It aims at forming a very effective 
research system for industrialization. Two departments 
have been established in the research system of the new 
business area; an R&D headquarters which conducts 
research in areas where a long period is necessary until 
industrialization, and agrobusiness development dealing 
with rapidly industrializable plants. 


The center of Sapporo’s R&D strategy aiming at the 
beginning of the 21st century is the R&D headquarters 
and plant develop center, its subsidiary organization, 
and the pharmaceutical development center. Suzuki, 
chairman of the R&D headquarters, said that in order to 
raise research efficiency a special strategy has been 
devised in the R&D headquarters where they set long- 
term tasks. 


The pharmaceutical development center has been devel- 
oping various enzymes for clinical tests, including phos- 
pholipase C. But, they are now challenging new medi- 
cine. This company has already discovered RBS, a 
content in rice bran, which has antitumor activity by 
strengthening immunological power. They expect that 
RBS antitumor agent will be their first medical product. 
There is a special project team for RBS in the center. 
RBS is undergoing preclinical test now and will undergo 
clinical tests in the 1990s. 


The plant development center established the propaga- 
tion technology of the microtuber of potatoes and 
orchids. This technology has been transferred to the 
agrobusiness development department. This department 
has cooperated with Zuma Canion Inc, a world-famous 
orchid nursery company, to strengthen the research 
efforts. 


The plant development center is putting its research 
emphasis on major cereals, particularly barley. They are 
planning to develop through biotechnology, including 
cell fusion, a new variety of feed barley with high yield, 
of which future market growth looks promising. 


Mass-culture technology and protoplast culture, the pre- 
requisite for the application of new biotechnology, of 
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barley has not been established in the world. Osamu 
Azuma, director of Sapporo Beer, says the company 
expects to present its success in regeneration of barley at 
the international barley gene society in 1991. 


New Chailenge Based on Accumulated Achievements 


Sapporo Beer has established biotechnological tech- 
niques through various research achievements. It has a 
long research history on barley, and knows many famous 
people. Based on such achievements, Sapporo has began 
to establish a new R&D system in order to challenge 
large-scale R&D tasks. 


First, they have expanded research facilities and 
researchers in the company, and increased R&D expen- 
ditures. The researchers in headquarters will be doubled 
to about 100. They will secure ¥ 2 billion actually for 
R&D expenditure. The external networks will be 
strengthened. In R&D headquarters, there are the 
research general affairs department in charge of cooper- 
ation and purchase and the public relations department. 
The headquarters sent the first overseas representative 
to New York in late May of this year in order to collect 
overseas technical information. 


Growing Into ¥ 10 Billion Business 


It is not certain that when R&D on medicine and plants 
will flourish as a business. These two areas of business 
are expected to generate an enterprise that will yield in 
ordinary profits at the beginning of the 21st century. A 
daring and rapid development by Sapporo will be 
expected. 


Takeda Pharmaceutical ins Independent Plant 
Business Using Biotechnolgy 


43063551 Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 5 May 89 p 17—FOR OFFICIAL USE ONLY 


[Text] Takeda Pharmaceutical Industry has begun to 
deal with plant biotechnology in full-scale. The Research 
Institute for Applied Plants has been conducting 
research on Chinese herb medicine. During the corpo- 
rate reorganization this April, the institute was consoli- 
dated with the Research Institute of Applied Technology 
which is directly controlled under president Sumimasa 
Umemoto. The Applied Technology Research Institute 
is a strategic organization to develop new products and 
technology related to life science, except for medical 
business. Now that plant biotechnology has been made 
part of their primary research agenda, they have estab- 
lished a full-scale research promotion system. 


Starting With 20 Members 


Katsumi Tomoda, vice president of the institute, said 
that they intended to expand Takeda’s original plant 
business by applying tissue culture and gene recombina- 
tion technology. 


The institute started with 20 researchers. The research 
facilities are in the Tyoto test farm located in Sakyo-ku, 
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Kyoto-shi. Large-scale culture tests can be conducted at 
Fukuchiyama farm, the area of which is about 33 hect- 
ares. 


The cell-culture project is one of the major research tasks 
of this fiscal year. They have started the research on mass 
production of a natural pigment extracted from plants 
through cell culture. They intend to mass produce anto- 
cyanin, a red pigment, by culturing red cells in the skin of 
the star king apple, and apply it to lipsticks. 


At first, they grew the apical center of a seedling of star 
king with an agar medium to form a callus. Then, they 
picked up cells that produce the red pigment to regen- 
erate a callus. Finally, they intend to mass-culture this 
callus through liquid culture, and commercialize it. The 
research on liquid culture is now being conducted with a 
1-liter tank. Showing a mass of red cells grown in a test 
tube, Tomoda said, “Because this pigment is safe for the 
human body, it can be used in wide areas, including 
cosmetics, food, and medicine.” 


The genetic resources of herbs possessed by Kyoto test 
farm exceed 2,000 species, the largest scale in the world 
as for medical resources. 


In order to use the resources effectively, they have 
started an artificial culture system of “‘mishima saiko,” a 
family of Japanese parsley. 


The purpose is to extract saiko saponin, a raw material 
for a therapeutic drug for chronic hepatitis, from the 
leaves of mishima saiko. If a new variety containing 
more saiko saponin is created, and its forced culture is 
possible, a new plant business will start. 


Aiming at Low Cost 


They have established the application of a forced-culture 
system, in which plants can be harvested in two months 
by the Rockwool culture system. In order to realize low 
cost, they will make every effort to develop a multistep, 
artificial culture system. 


Gene Recombination 


Other than these research projects, they are conducting 
research to create virus-resistant plants through gene 
recombination. 


Plants can be made herbicide-resistant by integrating a 
herbicide-resistant gene into their genetic make up. 


Will this not only allow for greater application of herbi- 
cides, but also seeds and herbicide can be packaged 
together for sale. Currently, they are studying it in 
cooperation with Kyoto University, Agriculture Depart- 
ment. 


The reason why Takeda has began plant biotechnology is 
that it can be applied to various areas, such as medicine, 
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food, chemical! products, and agriculture (herbicide, live- 
siock industr’es). For instance, the practical use of nat- 
ural pigments can be quickened in cooperation with the 
chemical products department and the food department. 


Compared with the research system for medical busi- 
ness, the plant biotechnology department is smaller at 
present, but there is a possibility that it will become a big 
business. 


Novo Group Procuces Enzymes Through Gene 
Recombination 


43063551 Tokyo NIKKEI SANGYO SHIMBUN in 
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[Text] Novo group is a leading biochemical company in 
the world. Its strategy in Japan is manufacturing of 
enzymes produced through gene-recombination tech- 
nology. 


Novo group holds a 50-percent share of the world’s 
industrial enzymes, and a 40-percent share of insulin 
preparation for diabetes. Both departments work inde- 
pendently. The action bases in Japan of the industrial 
enzyme department are Novo Industry Japan (NIJ, 
headquartered in Tokyo; president, Alex Henlicksen), 
and Novo Biochemical Industry (headquartered in 
Ishikari-cho, Hokkaido; president, Pea Hadwee Yansen). 
NIJ conducts R&D and marketing, while Novo Bio- 
chemistry produces enzymes. Mitsui Corp promotes 
marketing. 


Commercialized by Lion 


In April 1988, Lion began marketing a compact-size 
detergent, “Hi-Top.” Until that time, Lion had lagged 
behind Kao Corp which had began marketing “Attack,” 
a detergent, earlier than Lion. “Hi-Top” is a strategic 
good which Lion has developed in order to revitalize 
itself from the defeat. “Hi-Top” contains an oil- and 
fat-dissolving enzyme, lipase (commercial name, lipo- 
lase). Novo Biochemical Industry began commercial 
manufacturing of the enzyme produced through gene- 
recombination technology for the first time in the world. 


Traditionally, detergents contain enzymes. This has been 
the largest enzyme-applicaiton area since the 1960s. The 
enzymes used were proteinase; lipase had never been 
used. 


Kosei Yokomizo, chief of the Novo Biochemical Produc- 
tion Department, said, “lipase productivity is low, and 
cost is high; thus, it could not be used in low-cost 
detergents.” In order to solve this drawback, Novo group 
applied gene-recombination technology to enzyme pro- 
duction. Alex Henlicksen said that NIJ discovered a 
fungus that produced lipolase. The fungus was taken to 
its institute in Denmark. They succeeded in making 
yeast produce lipolase. Its productivity was increased 5 
to 10 times. 
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Produced in Denmark 


The technology developed in Denmark was brought to 
Japan again, and commercial production began in Novo 
Biochemical’s Ishikari factory. Lion added the enzyme 
in “Hi-Top” as a high-tech enzyme. It is the first 
commercialization of an industrial enzyme generated 
through gene recombination, and also the first applica- 
tion of gene-manipulation technology to the general 
household. 


Novo has seven factories in five countries. The reason it 
chose Japan as a production site for the gene- 
recombinant enzyme is that Japan is well organized 
administratively, and its production procedure has pro- 
gressed rapidly. But, there is no processing facility essen- 
tial to enzymes for detergent. In addition the costs for 
electricity and raw materials are higher in Japan than in 
Denmark. Therefore, production is carried out in Den- 
mark since production approval was obtained at the end 
of last year. 


In the Ishikari factory, they are now conducting trial 
production of two kinds of amylase through gene- 
recombination using Bacillus subtilis. This is an example 
of the applicaiton of gene recombination not only for 
promoting productivity, but also for changing an 
enzyme’s properties. 


There are 20 staffers in NIJ who are in charge of R&D. 
Their major task is to search for useful enzymes in 
microorganisms, but they are also engaged in research in 
gene engineering. They conduct their work in a building 
in Kanda, where its headquarters is located. “That is too 
narrow, and we are discussing the construction of a new 
research institute,” said President Henlicksen. 


Expanding Application to Chemical Industries 


The president says that the application of gene recombi- 
nation technology to enzymes is advantageous in two 
points, 1) promotion of productivity, and 2) changing 
enzyme properties. Hesmd enzymes will be produced 
through gene-recombination technology in the future. 


He also says that he wants to expand enzyme application 
areas to chemical industries. For this purpose, he intends 
to expand research to protein engineering. 


Agriculture Ministry Research Center Develops 
Orange Blossom Blooming by Cell Fusion 


43063551 Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 29 May 89 p 23—FOR OFFICIAL USE 
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[Text] The flowers of “Oretachi” have come into bloom 
in the Akitsu sub-office of the National Fruits Experi- 
ment Station, affiliated to the Agriculture Ministry, in 
Akitsu-machi, Hiroshima-ken. “Oretachi” was created 
by cell fusion between an orange and a trifoliate orange. 
This was developed jointly between the experiment 
station and Kikkoman. 
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First Such Achievement in World 


A few flowers bloomed last year, but they did not bear 
fruit. This year, many flowers bloomed. “!f everything 
goes favorably, and they bear fruit in September, and we 
can then gather seeds,” said Yoshitaka Ishii, chief 
researcher at the secondary research department, Kik- 
koman research headquarters. 


The Kikkoman research group gathered pollen from last 
year’s flowers. The pollen was mated with another kind 
of plant. It seeded and sprouted. It has been said that 
seeds of plants produced by cell fusion are sterile. 
However, it is probable that the “Oretachi” seeds are 
fertile. If fertile seeds are gathered, it will be the first such 
achievement in the world. 


They ascertained 5 years ago that the “Oretachi” grows 
as a plant. Since the growth rate of fruits is slow, a 
considerable period of time has been necessary for 
making them come into bloom. In the experiment sta- 
tion, they have raised the growth rate by devising a 
grafting process. The flowers have never bloomed in the 
greenhouse of Kikkoman, where they grow the plants by 
ordinary methods. 


In succession to Oretachi, Kikkoman produced such cell 
fusion plants as “Grapevel,” a fusion plant between a 
grapefruit and a navel orange, and “Shuvel,” a fusion 
plant between a navel orange and a mandarin orange. 


Ishii expects that fusion products, such as the “grapevel” 
and “shuvel” of edible fruits, may be commercialized. It 
will be a breakthrough if fruits with new taste are created 
as a result of biotechnological achievements. 


Applicaiton to Breeding 


There are many problems connected with applicaiton of 
these products as edible fruits. Consumers may show 
allergic reactions to bioengineered fruits. If they think 
them unnatural, they would never eat them. There is also 
a problem of how the rights of the new varieties is 
protected. 


Michitaro Nagasawa, chief of the research headquarters, 
said, “The basic technology of cell fusion has been 
established. The task now is how to use the technology. 
(Fused plants are used as materials for breeding or as 
edible fruits). 


Generally, navel oranges are regenerated by grafting, and 
they are sterile. For this reason, navel oranges were not 
used for the development of new varieties by conven- 
tional mating. In contrast, the pollen of the “Oretachi” is 
fertile. It is considered that the pollen of the “Grapevel” 
and “Shuvel” has the same nature. If such pollen is used, 
it is possible to develop new varieties with navel orange 
genes. 


Bio Soy Sauce 


Other than in the botanical area, they are engaged in the 
biotechnology of soy sauce production. They participate 
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in the research association for new enzyme development 
advocated by the Agriculture Ministry. They are now 
developing enzymes for soy sauce production by 
applying protein engineering in cooperation with Midori 
Juji, Fujitsu, and Tokyo University. 


In soy sauce production, soybeans and wheat are dis- 
solved and liquefied. The dissolving process requires 
enzymes. As the enzymes are used in a large amount, 
they become solid when they are heated at the final stage. 
Makers are making every effort to remove them. 


The purpose of Kikkoman’s research is to strengthen 
enzyme power to minimize the amount of enzyme used. 
As enzyme activity is weakened by the salt contained in 
soy sauce, salt-resistant enzymes solve this problem. 


Currently, they are studying crystal formation in order to 
ascertain enzyme configuration. A change in configura- 
tion changes the properties of enzymes. If a salt-resistant 
enzyme is produced, it will be used in another area. 


Another research target is the production of soy sauce by 
bioreactor. 


If salt-resistant enzymes are produced, and raw materials 
are treated with a small amount of enzymes, the use of a 
bioreactor will become possible. User's requests for 
processed soy sauce are various, such as colorless, or 
odorless. In order to satisfy these requests, a small-scale 
bioreactor is suitable. In the near future, it will become 
possible that we will be using “bio soy sauce.” 


Japan Tobacco Increases Marine Biotechnology 
Research 


43063551 Tokyo NIKKEI SANGYO SHIMBUN in 
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[Text] Japan Tobacco Industry is increasing marine 
biotechnology research to extract antibiotic substances 
and physiologically active substances from marine 
organisms for application to the medical area. If new 
enzymes are discovered from them, it will lead to the 
development of new products, such as a detergent. This 
company has been conducting research on sea water 
through salt manufacturing, having formed a research 
team for this purpose. 


In April 1988, Japan Tobacco reorganized the Odawara 
Experiment Station as the Sea Water Comprehensive 
Research Center. Research has been conducted con- 
cerning the following three areas: on salt manufacturing: 
on the quality and applicaiton of salt; and on sea water 
applicaiton technology. The newly established fifth 
research team promotes marine bioresearch. 


They are planning to install a special condenser when 
useful substances are taken out by culture. At the same 
time, they also plan to recruit researchers from univer- 
sities to increase the number of research staffers from the 
current 30 to 80 in 5 years. It is essential for marine 
bioresearch to draw up sea water limitlessly. The loca- 
tion of this center which fronts on Sagami Bay is 
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favora ie tor this purpose. They intend to apply their 
resea’./: achievements to the promotion of sajt manu- 
faciuring technology, including ion-exchange mem- 
brane-electrodialysis technology. 


Asahi Chemical Company Biotechnology Research 


43063551 Tokyo NIKKEI SANGYO SHIMBUN in 
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[Text] Fuji-shi, Shizuoka-ken is the base of research, 
development, and production for Asahi Chemical 
Industry. In this city, there are the General Technology 
Research Institute, which conducts basic research, and 
several factories related to fiber, resin, and construction 
materials. The company puts great expectations on its 
' ife Science Research Institute, which deals with the 
development of medicine and biotechnology. Along with 
their electronic business, they plan for it to grow as a 
fourth profit resource. 


There are three subsidiary organizations under the Life 
Science Research Institute: the bioscience laboratory; the 
new drug development laboratory; and the medical sci- 
ence laboratory. The bioscience laboratory is in charge of 
basic research for new medicine; the new drug develop- 
ment laboratory studies the practical use of new drugs: 
and the medical science laboratory conducts research on 
diagnostics. Mitsuru Shibukawa, president of the insti- 
tute said, “We started recently to manufacture pharma- 
ceuticals. So, we intend to narrow the range of objects 
and deepen research.” They intend to develop medicine 
related to adult diseases for the coming aged society. 


One Medicine a Year 


The interim target for medicine and biotechnology is to 
achieve tota! sales of ¥ 70 billion in 7 years. The business 
scale is not disclosed, but it is estimated to be more than 
¥ 10 billion. They are planning to increase by ¥ 10 billion 
per annum. Hidehiko Kobayashi said, “A change will be 
seen in 4 or 5 years.” They have more than 20 projects 
going constantly, and intend to produce one drug per 
year for the next generation. 


The first large-scale commercial good will be a throm- 
bolytic agent, human tissue plasminogen activator 
(TPA), for which they have already appalied to the 
Welfare Ministry for manufacturing approval. In joint 
research with Kowa, headquartered in Nagoya, they 
established a technology for manufacturing it by cul- 
turing human kidney cells. 


Also related to thrombus, they are studying the structure 
of a special protein, thrombomodulin. This is a study 
leading to the development of a new antithrombotic 
agent. 


Senile Dementia Thesis 
Although, sales are small, they have confidence in them- 


selves in the progress of their R&D series. In February 
last year, they published in NATURE, and English 
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scientific magazine, a thesis on the cause of Alzheimer’s 
disease which drew attention in Japan and abrvad. This 
may be one factor for their confidence in themselves. 


In April, the company bought up more than half of the 
shares of Toyo Jozo, thus making Toyo Jozo a member 
of the Asahi Kasei group, a favorable move for R&D on 
medicine and biotechnology. Toyo Jozo has 200 
researchers in this area, nearly the same as Asahi Kaset-: 
thus the number doubled by this single move. The 
annual business amounts to approximately ¥ 44 billion. 


The cooperation between the two companies began in 
the business area. In the R&D department, they have 
made public their research themes, and controlled their 
contents. The president, Shibukawa, once temporarily 
worked for Toyo Jozo, and he is familiar with the 
company’s business. Until today, Asahi Kase: had pro- 
duced chemical antitumor agents, while the major 
product of Toyo Jozo had been antibiotics. Hereafter. 
cooperating with each other, they will pursue synergistic 
effects. 


Dupont the Target 


In the 1960s, when Asahi Kasei was a large Toyo Jozo 
stockholder, the foundation for joint research was estab- 
lished. Research discovered new raw materials for pro- 
duction of antibiotics. Currently, they are engaged in the 
phase II clinical trial for AT-878, a new drug named after 
their initial letters. This drug regulates the amount of 
calcium in cerebral veins to promote blood flow. It is 
applied to ameliorate aftereffects of cerebral hemor- 
rhage, and to prevent senile dementia. They expect their 
relationship to develop from joint research on each 
project to a full-scale exchange of personnel. Asahi Kasei 
also has a cooperative relationship with Asahi Beer. 


Kobayashi, managing director, insists, that it is natural 
to put emphasis on medicine and biotechnology, if one 
intends to be a comprehensive chemical manufacturer. 
Setting its sights on Dupont and ICI in the West, they are 
planning to grow into a company with a total sales of $10 
billion. The purpose for reinvestment in R&D is to make 
a profit of ¥ 100 billion with medicine and biotech- 
nology .n order to catch up with leading international 
companies. 


Biosensor Developments 


New Type of pH Sensor Developed 


43063553 Tokyo NIHON KOGYO SHIMBUN in 
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[Text] E. Koda, associate professor at the Insti- 
tute of Applied Biochemistry, Tsukuba Univer- 
sity, and Yamamoto Seisakusho (T. Yamamoto, 
president), a multilayer printed circuit board 
manufacturer, have jointly developed a pH sensor 
that can accurately measure pH (acid-alkali level) 
even in the presence of cations such as calcium. 
poiassium, sodium. The major difference from 
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conventional pH sensors is that it measures the 
hydroxy ion level instead of the hydrogen ion. 
Consequently, one need not be concerned with 
errors caused by the large number of cations 
present in vivo. Since a special substance having a 
10,000-fold stronger bonding force for hydroxy 
ions compared to other anions is used, virtually 
all anionic effects can be ignored. 


Metal Complex Used 


The dimensions of the pH sensor developed are about 
1.5 mm in diameter and about 60 mm in length. It is 
constructed by making only the tip of a silver electrode 
silver chloride through anocic oxidation, on which a 
metal complex film of “oxomolybdenum-tetrapheny! 
porphyrin™ is placed. 


The hydroxy ion concentration in a sample can be found 
by immersing the tips of this electrode and an ordinary 
electrode into the same sample and measuring the poten- 
tial difference between the two electrodes. 


The pH is correctly called hydrogen ion concentration 
index. However, since the product of hydrogen ion 
concentration and the hydroxy ion concentration is 
constant at all times, if the lrydroxy ion level is known, 
pH is known. 


Differences in hydroxy ion concentration result in 
changes in the potential difference between the two 
electrodes due to the action of the metal complex placed 
at the tip of the sensor. In the range of pH 4 to 12, as 
much as several hundred millivolts change in the poten- 
tial difference occurs almost linearly. 


When other anions are present besides hydroxy ions, it 
may be possible that they cause a slight error. For this to 
occur, however, as much as 10,000-fold more anions 
than hydroxy ions are required, and in practice, there is 
virtually no effect. 


Liposome Used for Oder Sensor 


43063553 Tokyo NIKKEI SANGYO SHIMBUN in 
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[Text] The research group of Professor K. Kuri- 
hara at the School of Pharmacology, Hokkaido 
University, developed a highly sensitive odor 
sensor using a biomembrane model, the liposome. 
Through experiments for adsorption of trace 
amounts of odor substances, its sensitivity was 
found to be 1 ,000-fold higher than the keen sense 
of smell in tortoises which is equivalent to that of 
dogs. Depending on the type of odor substances, 
they confirmed that the characteristics of lipo- 
some responses are different. If manufacturing 
techniques are established, there is a potential for 
applications in odor monitoring, fragrance 
mixing, food aroma evaluation, narcotic drug 
investigations, etc. 
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500,000-fold Higher Than Huma Capacity 


The liposome itself is a substance called lecithin, a 
typical phospholipid. Lecithin is the main component of 
animal cell membranes. The research group added a 
small amount of phosphatidylserine (acidic phospho- 
lipid) to it and formed various kinds of liposomes with 
various membrane properties. 


When an experiment was conducted using amyl acetate, 
an ester, which is a fruit fragrant component, the lipo- 
some having i0 percent phosphatidylserine had the 
highest sensitivity and successfully detected amy! acetate 
at a concentration of 1/million gram per | liter. 


This sensitivity is equivalent to | million-fold the sensi- 
tivity of a liposome made of lecithin alone, | ,000-fold 
the sensitivity of a tortoise which is said to have a keen 
olfactory sensitivity, and 500.000-fold the sensitivity of 
frogs which have about the same olfactory sensitivity as 
humans. Professor Kurihara evaluated the study by 
commenting, “An odor sensor that exceeds nature's 
capacities has been developed.” 


When experiments were conducted using 0.1 gram each 
of 10 different kinds of odor substances such as mint, 
musk, etc, the response characteristic of the liposome 
varied greatly revealing that odor substances adhere to 
different sites on the liposome. 


If this characteristic 1s applied. it 1s possible to produce 
an intelligent sensor capable of distinguishing a multiple 
number of odors simultaneously. Professor Kunhara 
stated, “We would like to create a large number of 
liposomes by changing phosphatidylserine ratio and ana- 
lyze response patterns for each odor substance.” 


New Infrared Sensor Developed 


43063553 Tokyo NIHON KOGYO SHIMBUN in 
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[Text] Professor H. Yanagida. et al. at the Center for 
Leading-edge Science and Technology Research of The 
University of Tokyo developed a new type of highiy 
sensitive infrared sensor using a metal reinforcer. silicon 
carbide fibers, as the detection element in collaboration 
with Nippon Carbon Co, Lid (M. Fujii, president) and 
Sogo Keibi Hosho Co, Ltd (T. Murai, president). 


The response speed of the new sensor ts 10 milliseconds, 
four (-mes as fast as conventional infrared sensors, and 
will bk very useful as anti-crime sensors for buildings. 
etc. In addition, if the response speed can be further 
increased to | millisecond, it can be used for the detec- 
tion of speeding violations (mousetrap) on highways. For 
the time being, this sensor will be advanced for commer- 
cialization as an anti-crime alarm system; Nippon 
Carbon will be responsible for manufacturing the prod- 
ucts, and Sogo Keibi Hosho is planning to market it as 
early as next year. 


The silicon carbide fibers used for the new sensor are 
fine fibers of 15 microns (1 micron is 1/1000 mm) in 
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diameter. Because of its high tensile and heat strengths, 
it is widely used as a structural material for metal 
reinforcement. However, it has not been used previously 
as an electrically functional material. 


Professor Yanagida, et al. took note of the property of 
silicon carbide fibers to undergo sensitive changes in 
electrical resistance resulting from slight temperature 
changes caused by infrared rays. They deviced an 
entirely new application for silicon carbide fibers by 
applying the above property to make infrared sensors. 


Although the newly developed sensor can be used imme- 
diately for practical anti-crime applications in buildings, 
the goal of Professor Yanagida, et al. is to develop new 
applications by increasing the response speed of the 
sensor to | millisecond. Specifically, the application is 
for a new speeding violation detection sensor. Currently, 
violators are detected with sound waves or a laser, in 
which case, however, the ‘“‘mousetrap”’ can be discovered 
by drivers having counter detection systems mounted in 
their automobiles. However, sensors using infrared rays 
cannot be counter-detected and will become a powerful 
weapon for catching speeders. 


Prospects for Meat Freshness Sensor 


43063553 Tokyo NIHON KOGYO SHIMBUN in 
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[Text] The Food Industry Online Sensor Technology 
Research Association (F. Imanaga, director) has the 
prospect of developing food freshness sensors (corpora- 
tions responsible for development - Itoham Foods Inc, 
Denki Kagaku Keiki) and sensors for soy sauce manu- 
facturing processes (similarly Kikkoman and Omron 
Tateishi Electronics Co are responsible). 


For the meat freshness sensors, their goal is to detect 
simultaneously and fully automatically the degree of 
aging (a suitable state for food use after keeping the meat 
for a fixed time at a fixed temperature) and spoilage due 
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to bacteria. Regarding the degree of aging, they focused 
on chemical substances produced during the aging pro- 
cess of meat; they were able to confirm that the ATP 
(adenosine triphosphate) decomposition products, 
hypoxanthine, xanthine, as well as free amino acids 
produced by the autolysis of muscle tissue proteins, are 
effective as determining indicators. 


As for the method of identifying the initial stage of meat 
spoilage, the measurement of bacterial growth has been 
used. However, it takes as long as 48 hours until the 
results are obtained. Consequently, it was judged 
impractical and research was advanced to obtain results 
on the basis of diamine (putrescine and cadaverine) 
increases caused by bacteria; the study confirmed that it 
is effective as the determining indicators for the initial 
. uge of spoilage. In addition, they learned that, 
depending on the packaging method used, monitoring of 
reduction in the level of glucose in the meat is also 
effective. Thus, there are prospects for sensors capable of 
measuring four categories of chemical indices—1) free 
amino acids and xanthine/hypoxanthine for the level of 
spoilage, and 2) diamine and glucose for degree of aging. 
However, their plan is to construct a system that is 
capable of simultaneous measurement and data- 
processing of these four items. 


On the other hand, the sensors for the soy sauce manu- 
facturing process are for measuring the concentration of 
salt water added, color of the soy sauce, and the water 
content of steamed soy beans. The sensor for salt con- 
centration is already being tested at Kikkoman’s Noda 
and Takasago plants. For a color sensor, a table-top soy 
sauce color intensity meter for determining color 
number with a spectrophotometer is almost completed. 
The moisture sensor for steamed beans was prototyped 
using a near infrared measurement technique; with a 
sample containing about 60 percent moisture, an accu- 
racy with about | percent error has been obtained. In the 
future, they plan to conduct evaluation tests for the 
prototype unit at the plant sites and aim for a practical 
application. 
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Improved Bending Strength for Epoxy Resin 


43067155a Tokyo NIKKEI SANGYO SHIMBUN in 
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[Text] Professor Masao Tomoi’s group at the Engi- 
neering Faculty, Yokohama National University, devel- 
oped an epoxy resin with excellent bending strength. The 
flexibility was improved by 80 percent through the 
addition of acryl rubber. Epoxy resins are strongly adhe- 
sive and have been used widely as an adhesive, but easily 
fractured because of their brittleness against external 
forces. This newly improved resin is expected to expand 
its application fields to such areas as a coating material 
for IC substrates and for carbon fibers used for aircrafts. 


The new resin was produced by mixing an acrylic 
monomer for hardening an epoxy resin. A product with 
optimal properties was obtained in an experiment where 
20 percent of the monomer was added. The monomer 
polymerized and dispersed uniformly throughout the 
resin in the form of acrylic rubber granules of several 
microns in diameter (one micron is 1/1,000th of one 
mm). Therefore, the entire resin was said to become 
elastic. 


When the resin was fractured and the fractured surface 
was inspected, crack lines were seen stopping at the 
granules. This was to indicate that the rubber granules 
absorbed the impact. The greater the size of the granules, 
the resin’s elasticity increases but its hardness decreases. 
In the case of this particular improved epoxy resin, the 
hardness decreased by 30 percent, but Professor Tomoi 
thinks that the hardness lowering should not present any 
problems in practical applications. 


Epoxy resins are frequently used in close contact with 
metals and carbon fibers. When metals expand or carbon 
fibers bend, previous epoxy resins have on many occa- 
sions fractured because of the inability to withstand the 
stresses. This has been one of the causes for the failure of 
some ICs in which the inelastic resin has cracked because 
of the thermal expansion of metal terminals. 


Hybrid Heat Resistance Resin “HHR” 
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[Text] [Hanshin] On 31 May 1989, Mitsubishi Electric 
Corp.’s Production Technology Research Institute 
announced that it developed a hybrid heat-resistant 
epoxy-type resin (trade-named HHR) with high heat 
resistance and low thermal expandability to be used for 
high-density, multi-layer printed circuit bases. The new 
resin’s performance is equivalent to the polyimide resin, 
which is now used for multi-layer printed circuit bases, 
and the production cost of the new resin is approxi- 
mately 30 percent of the polyimide’s. The new resin is 
expected to replace the general-purpose epoxy circuit 
and polyimide bases, because high-density, multi-layer 
circuit bases can be made from it at a low cost. In the fall 
of 1989, Mitsubishi Electric Corp. plans to start the mass 
production of the resin at its Sagami Plant. 


CHEMICAL ENGINEERING 1 


The newly developed epoxy-type heat-resistant circuit 
base material, HHR, is a type of polymer alloys (poly- 
meric mixtures) that are made by compositing, on a 
molecular level, a heat-hardenable epoxy resin, as a base, 
with a heat-pliable resin having a similar chemical struc- 
ture to the epoxy. Thus, HHR possesses the characteris- 
tics of both the heat-resistant, hard but brittle heat- 
hardenable resin, and the bending-resistant heat-pliable 
resin. 


The glass transition temperature, which is an index for 
the thermal resistance, of HHR is 215°C that is close to 
the polyimide’s 240°C and 80°C higher than the general- 
purpose epoxy resin’s. The thermal expansion coefficient 
of HHR is as low as the polyimide’s; and HHR has 
excellent adhesivity, humidity resistance and process- 
ability. It is easy to mount electronic parts on the surface 
of circuit bases using HHR. The distance between circuit 
patterns can be made short and, therefore, high-density 
and minute circuits can be drawn because the deteriora- 
tion of insulation hardly occurs. Also, multi-layers of 
four to 20 layers can be made. 


Because of the low thermal resistance, the general- 
purpose epoxy circuit bases had shortcomings of the 
deformation and the swelling of inner layers when elec- 
tronic parts were soldered for mounting. Furthermore, 
ine epoxy resin’s thermal expansion coefficient was so 
high that multi-layers of more than 10 layers could not 
be used. The polyimide circuit base, although its thermal 
resistance was excellent, required high temperature and 
long hours for complete hardening, resulting in poor 
productivity and high cost. Another problem with the 
polyimide resin was the frequent inconsistency of the 
product quality. 


Polymer Thin Film 


43067155c Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 2 Jun 89 p 5—FOR OFFICIAL USE ONLY 


[Text] Ulvac Corp. developed a new polymer thin film 
that senses temperature changes and vibrations and 
converts these inputs to electric signals. It is highly 
heat-resistant and highly reliable, and its thickness can 
be easily adjusted depending upon its use. Therefore, it is 
expected to have wide applications including infrared 
sensors and supersonic diagnostic devices in medicine. 


The new polymer was made from two benzen-ring con- 
taining organic chemicals of an aromatic diamine and an 
aromatic di-isocyanate. The two were vaporized in a 
vacuum and adsorbed on a glass plate to form a thin 
film. A strong electric field was applied to the film to 
impart to it the property (pyroelectric property) to elec- 
trically change with temperature changes. 


Electricity generated by this pyroelectric thin film of one 
square meter in area at a temperature change of one 
degree is approximately 10 times that generated by 
polyfluorovinylidene, a fluoropolymer currently used for 
temperature sensing. The highest temperature at which 
the pyroelectricity is lost in the new polymer film is 


FOR OFFICIAL USE ONLY 








FOR OFFICIAL USE ONLY 


12 CHEMICAL ENGINEERING 


180°C which is twice the previous temperature. The new 
polymer film can respond to heat faster because it can be 
made 1/100th as thick as the previous film. 


It has also been reportedly confirmed that this thin film 
can acquire piezoelectric property which is manifested in 
electric changes caused by mechanical changes such as 
vibrations. 


Because the raw materials for the thin film are cheap at 
several thousand yen per kg and are thermally reliable, 
Ulvac Corp. expects many types of applications for the 
thin film. The pyroelectric property is expected to be 
useful for thermal sensors and television cameras, and 
the piezoelectric property is expected to be useful for 
telephone transmitter and receiver parts, supersonic 
microscopes and supersonic devices to diagnose 
embryos in womens’ wombs. 


Si-O Materials with Changeable Structure 


43067155d Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 8 Jun 89 p S—FOR OFFICIAL USE ONLY 


[Text] Japan Research Development Corp. (JRDC) 
developed a new group of materials whose molecular- 
level microstructures, including multi-layer structures, 
woven states and porous structures, can be changed in 
many ways by controlling the synthesis conditions. 
These inorganic materials consist of a silicon-oxygen 
compound as the base structure. The materials are 
expected to have wide-ranging applications including gas 
separation membranes and matrices for catalysts to 
promote chemical reactions. The research group plans to 
further improve the structural control precision and to 
seek practical applications for the materials including 
the improvement of heat resistance. 


This research was carriec out by the Kokubu Chemical 
Structure Project team, led by Professor Toyoki Kokubu 
of Kyushu University, as a part of JRDC’s Creative 
Science and Technology Promotion project.The micro- 
structures of these new materials contain regularly- 
arranged basic units of siloxane-bonded two silicon 
atoms and one oxygen atom. The materials are made by 
the reaction of water with an alkoxysilane compound 
known as the raw material for glass. 


The materials are either colorless and transparent, or 
white films, and their microstructures can be changed by 
selected synthesis conditions, such as the type of additive 
required for the reaction of the raw material with water. 


The research group has thus far produced (1) a material 
full of spherical pores of one micron in diameter, (2) a 
multi-layered material, (3) a woven cloth-type material 
containing intertwined long and thin fibers, and (4) a 
material full of 0.!-micron-diameter three-dimensional 


pores. 


For the multi-layer structure. in particular, the thickness 
of one layer can be varied from several Angstroms, 
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approximately the size of a molecule, to several hundred 
Angstroms by controlling the conditions of the synthesis. 


Some materials have previously been developed from 
alkoxysilane compounds, but none of them has had any 
molecular-level microstructure. 


Promising applications of the new materials include the 
catalyst carriers for the multi-porous structure and 
woven structure types and the liquid and gas separation 
membranes for the multi-layer structure type. It is also 
reportedly possible to attach a light-reactive organic 
material to the siloxane bonding to use it as a new 
Organic optical recording material. 


Biological tissues are built from the basic unit of a small 
organic molecule such as a protein or a fatty substance, 
and manifest excellent functions. A typical example of 
these tissues is a biological membrane that selectively 
passes specific substances. The objective of the Kokubu 
project is to realize such molecular-level microstructures 
with artificially readily-synthesizable inorganic com- 
pounds. The newly developed technology is the bases for 
this ultimate objective. 


Hard, Transparent Inorganic Polymer Resin 


43067167a Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 15 Jun 89 p I—FOR OFFICIAL USE ONLY 


[Text] Idemitsu Petrochemical Co., Ltd., developed a 
new highly functional resin of an inorganic polymer type. 
The resin is derived from phosphazene resin, mainly 
consisting of nitrogen and phosphorus, by substituting 
its chlorines with the organic radical of hydroxyethyl- 
meta-acrylate (HEMA). In addition to high resistance 
against temperatures up to 300°C, the resin has hardness, 
transparency of the highest level among resins, as well as 
excellent dimensional stability and abrasion resistance. 
It is also highly adhesive to other resins. The resin will be 
marketed initially as the coating material for plastic 
lenses and films. 


This resin is a product of the substitution of six chlorine 
atoms attached to hexagon-structured phosphazene con- 
sisting of nitrogen and phosphorus with the HEMA 
radical which introduces hardness and transparency to 
the resin. The resin prior to polymerization is a trans- 
parent and viscous liquid which is hardened by ultravi- 
olet light, electron beams or heat. 


The most unique feature of this resin is its high trans- 
parency with optical transmittance of 92 percent. This 
value is comparable to 94 percent for an acrylic resin 
(PMMA), a typical highly transparent resin, and 89 
percent for poly-carbonate (PC). The surface hardness of 
this resin is rated as ““8H”’ of pencil hardness which is the 
hardest among resins and significantly harder than “B” 
for PC and “2H” to “3H” for PMMA. The compression 
strength of this resin is 2,340 kg/cm? times that of PC 
and 1.7 to 3.2 times that of PMMA. In an abrasion test 
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against sandpaper and falling sand, the new resin showed 
approximately three times better resistance than PC or 
PMMA. 


The shrinkage rate during hardening is low at only 
approximately seven percent, and its adhesitivity against 
other resins including polyethylene terephthalate (PET) 
and PC is extremely high. If a film of another resin is at 
least 0.3 micron thick, it is possible to coat the film with 
this resin at a thickness of only 0.! micron. 


Taking advantage of these features of the resin, Idemitsu 
Petrochemical Co., Ltd., plans to commercialize it as the 
material for thermal transfer ink ribbons, the backside 
coating material for video tapes, the surface coating 
material for touch panels, and the protection film mate- 
rial for integrated circuit’s photo-mask films. A film 
produced by coating 0.5 micron of this resin over a 
six-micron-thick PET film will be sold at ¥ 40 per square 
meter. A coating formulation containing 30 percent 
solids of the resin will cost about ¥ 5,000 per kg. The 
sales begin in the end of 1989. A coating formulation for 
plastic lenses will also be commercialized soon. 


Because of its excellent hardness, it is not sufficiently 
resistant against impacts; therefore, it is difficult to mold 
the new resin to form products. This problem will be 
further researched to tackle the commercialization of 
molded products of this resin. 


New Catalyst Using Copper Amine Mixture 


43067167b Tokyo NIHON KEIZAI SHIMBUN in 
Japanese 24 Jun 89 p 1I—FOR OFFICIAL USE 
ONLY 


[Text] The National Chemical Laboratory for Industry 
(NCLI) of the Agency of Industrial Science and Tech- 
nology found a clue for the development of a new 
industrial catalyst that works almost like a biological 
enzyme. The discovery was made by the group led by 
Katsuomi Takehira, Chief of the Biological Simulation 
Reaction Section. The group demonstrated the efficient 
synthesis of a biological enzyme-simulating catalyst, 
which is an intermediate during vitamin E synthesis, at 
40°C and normal pressure. It is not known yet whether 
this catalyst behaves similarly to a biological enzyme 
because each process during the reactions has not been 
accurately analyzed. However, since the product can be 
synthesized under the mild conditions, it is expected to 
become a new industrial catalyst. 


The newly discovered catalyst was made by using a 
““copper-amine mixture,” that simulates the chemical 
structure of ‘“‘copper-amine complex compound”’ which 
is associated with many biological enzymes. Compared 
with existing inorganic catalysts (copper chloride and 
lithium chloride), which promote the same reaction as 
the new catalyst, it synthesized trimethyl benzoquinone, 
the intermediate for vitamin E, from trimethyl phenol 
with a yield of 95 percent at a dosage only 1/100th of the 
normal dosage for the existing catalysts. In addition, the 
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reaction rate was fast, and therefore, the new catalyst is 
rated high on its practical applicability. 


Biological enzymes are capable of promoting reactions 
without requiring high temperature and pressure. Fur- 
thermore, these enzymes are highly selective in that they 
do not synthesize by-products, so that they are suitable 
for manufacturing fine chemicals. Therefore, hope is 
high in the chemical industry to move toward “biological 
enzyme-simulating catalysts” which allows the operation 
of chemical plants under normal temperature and pres- 
sure. 


High Function Polyimide 


43067167c Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 29 Jun 89 p 5—FOR OFFICIAL USE ONLY 


[Text] The Electron Application Research Institute of 
Nippon Telegraph and Telephone Corp. (NTT) suc- 
ceeded in further functionalizing “polyimide,” the 
brown plastic usec! widely for printed circuit boards, by 
making it transparent without sacrificing its good char- 
acteristic of heat resistance. The feat was achieved by 
substituting some of the hydrogen in the polyimide 
structure with fluorine. It is allegedly possible to freely 
control the new material’s thermal expansion coefficient 
and refractive index. NTT expects to create wide-ranging 
applications for this material including as an optical 
fiber material and a super LSI insulator. 


The newly developed material, similar to the usual 
polyimide, was made from the raw materials called “acid 
anhydrides” and “diamines,” except that hydrogen in 
these materials’ structures were partially substituted 
with flucrine (fluorinated). Starting with nine kinds of 
fluorinated “‘acid anhydrides” and 34 kinds of fluori- 
nated “diamines,” as the raw materials, the NTT 
research group synthesized approximately 100 kinds of 
new polyimides by combining the raw materials at 
various ratios. 


Because both groups of raw materials used have the 
structure of cyclically connected atoms, the new synthe- 
sized polyimides were of a rigid structure, and displayed 
as excellent thermal resistance as the previous materiais 
by neither expanding nor shrinking with heat. Further- 
more, the incorporation of fluorine lowered the resin’s 
refractive index and water absorbability. Fluorine is less 
electrically polarizable than hydrogen; thus, it repels 
water. 


The thermal expansion coefficient can be maintained 
from 0.005 to 0.0002 percent per degree; i.e., the coeffi- 
cient can be adjusted to match the value of a super LSI 
material, such as gallium-arsenic or silicon oxide. The 
application of the new material as an insulation film for 
the super LSIs, whose temperature tends to rise, is said to 
be feasible, since a new polyimide can be made to 
expand at the same rate as a metal or an inorganic 
material 
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The refractive indices of the new materials can be 
controlled within a range between 1.54 and 1.64. There- 
fore, the index can be adjusted to match that of “poly- 
carbonate,” an optical disk material, and quartz crystals. 
The new materials can also be made transparent for use 
as optical fibers and wires for optical computers. When 
used as a wiring substrate, the greater the refractive of 
the substrate, the faster the signal transmission speed 
through metal wires. Therefore, the new material is said 
to be promising for the realization of high-performance 
substrates. 


Because of their lower water absorption rates than the 
previous polyimides, the new materials are said to have 
improved product reliability by maintaining a high level 
of properties for a long period. 


Polyimide has been one of the polymers with superior 
thermal resistance, and is expected to be used in elec- 
tronic parts. However, its applications have been limited 
because of its shortcomings, as compared to inorganic 
materials and metals, such as (1) large thermal expansion 
coefficient, (2) brown color, and (3) high water absorb- 
ability to cause instability of properties for a long period 
of time. NTT, confident that these shortcomings have 
been eliminated almost completely, plans to examine the 
development of various parts from the newly developed 
polyimide. 


Imide Group Thermosetting Plastic 


43067167d Tokyo KAGAKU KOGYO NIPPO in 
Japanese 3 Jul 89 p 3—FOR OFFICIAL USE ONLY 


[Text] Konishi Corp. (Tel. 06-228-2951) successfully 
developed a highly heat-resistant imide-group resin that 
was hardened from two liquids at room temperature 
without using a solvent. The development has elimi- 
nated the high-temperature pre-melting process, which 
was required for previous engineering plastics, and 
improved the product’s shelf life. Therefore, it will be 
easy to manufacture highly heat-resistant adhesives, pig- 
ments and electronic materials. Once hardened, the resin 
can withstand temperatures higher than 200°C, and in 
addition, it has adhesivity which is rare with inorganic 
resins. Konishi Corp. has constructed a pilot plant and 
started marketing this product. The technology should 
be a revolutionary one for the highly heat-resistant 
resins. 


The new highly heat-resistant resin is called “Bond 
Hi-Temp” (trade name) which is an addition- 
polymerization type thermosetting resin made by 
altering maleimide resin, which is a polyimide resin, 
with the addition of a special epoxy. Konishi Corp. 
established the technology to liquefy the resin using 
neither solvent nor high heat, so that the resin would be 
used in a liquid state. 


The polyimide resin has been the mainstream of highly 
heat-resistant organic-base resins, but because of its poor 
solubility, its powder needed a special solvent or high 
heat to be liquefied. It was further reported that a normal 
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temperature shelf life of one year (compared with two to 
three months at a low temperature for previous liquid 
products) was achieved by developing the technology for 
silica and alumina-base materials with excellent heat 
resistance. 


The production process for the new resin begins by 
blending a main raw material with a hardener at room 
temperature and the mixture is heated to 150°C for 
initial hardening. That is followed by intermediate 
heating to 180°C for final hardening, and further heating 
to 220°C to impart resistance against heat of more than 
200°C. Because the resin is more adhesive than inorganic 
resins, it will be more useful for highly heat-resistant 
adhesives and pigments. Konishi Corp. hopes to find the 
product’s applications in casting molds, sealers, semi- 
conducting materials, printed circuit boards and auto- 
mobile parts. 


The price has been set at ¥ 39,000 for a set of 1.3 kg. 
Potential sales of ¥ 100 million have been forecast for 
the first fiscal year. 


Engineering Plastic Welding Technology 


43067167e Tokyo NIKKAN KOGYO SHIMBUN in 
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[Text] Mitsui and Co., Ltd., and Tokushu Kogyo K.K. 
(Tel. 0729-48-0007) jointly developed a method to weld 
olefin and fluorine-base engineering plastic materials. 
The method involves the insertion of a nickel wire- 
coated resin between two parts to be welded and the 
connection of the insert to a special welding machine to 
melt the resin coat and weld the two parts. 


The application of such engineering plastics has been 
expanded because of their excellent heat resistance, 
durability, corrosion resistance, chemical resistance and 
light weight. However, there has not been a good solvent 
for adhesives for the plastic materials because of high 
chemical resistance. Only recently an adhesive for the 
polyvinyl! chloride base has entered the market, but no 
suitable adhesives have been found for the olefin base 
and the fluorinated polyamide and polyacetal groups. In 
many cases, parts of the latter group plastics are joined 
by metallic belts and bolts. 


In other words, the two companies developed a method 
to use a nickel wire-coated unit, made of the same 
engineering plastic as two parts to be welded together, 
which is either sandwiched or inserted between the two 
parts and melted, when voltage is applied to the nickel 
wire, to be amalgamated with the parts. Because the 
same material is used for the wire-coated unit as the 
materials to be welded, the characteristics of the mate- 
rials can be maintained. The units will be custom- 
produced in various shapes and forms, including tubular 
sleeves and plate-like spacers, to fit the shape of mate- 
rials to be welded. The thickness of the coated unit is one 
millimeter. 
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The special welding machines are priced at ¥ 500,000 for 
a larger model and ¥ 150,000 for a smaller, portable 
model. Mitsui & Co., Ltd., will handle the sales. 


Highly Heat-Resistant Epoxy Resin Status 


43067167f Tokyo KAGAKU KOGYO NIPPO in 
Japanese 7 Jul 89 p 4#—FOR OFFICIAL USE ONLY 


[Text] The development of highly heat-resistant epoxy 
resins and their market development have become active 
in response to the increasing needs for heat resistance in 
the electronics and composite material fields. Previ- 
ously, epoxy resins have withstood a maximum temper- 
ature of approximately 170°C, which is their glass tran- 
sition temperature. However, epoxy manufacturers have 
recently begun to emphasize the development of highly 
heat-resistant epoxy resins to cope with the increased 
capacity and increased density for ICs and the advance- 
ment in composite materials for the aircraft and auto- 
mobile industries. As a result, in the last three years, the 
maximum temperature for epoxy resins has increased by 
at least 20°C. Also, as pointed out by Yuka-Shell Epoxy 
Corp., “Recently, the demand is up for high heat- 
resistance and low stress resins in the fields of semicon- 
ductor sealants and carbon-composites.” Thus, the 
demand for improved resins has been steadily 
increasing. 


In fact, the demand for epoxy resins has shown a steady 
increase particularly for the electro-laminated plates, 
exceeding 130,000 tons for FY88, and at the same time, 
the diversification of the resins has advanced. On the 
other hand, in the last two to three years, the user group 
of electro-laminated plates and composites has increas- 
ingly demanded improved heat resistance, and the man- 
ufacturers have made special effort to develop highly 
heat-resistant epoxy resins. Epoxy resins are particularly 
excellent in the moldability and physical property bal- 
ance. If heat resistance can be further imparted to the 
resins, they could be fabricated on the extensions of their 
existing molding process lines. Therefore, the demand 
for heat resistance has increased. The improvement of 
heat resistance for epoxy resins cannot be avoided if the 
resins are to compete against thermoplastic engineering 
plastics which are known for their good heat resistance. 


Among the heat-resistant epoxy resins, which have 
already been developed, phenol novolak is used in large 
quantities for IC sealant and laminated plates. Recenily, 
however, the mainstream trend seems to be the develop- 
ment of glycidylated resins, such as poly-tris-phenylol 
resin, and tri-functional epoxy resins, such as polyami- 
nophenol resin. As far as these types of epoxy resins are 
concerned, Yuka-Shell Epoxy Corp. (Epicoat YLG 33), 
Mitsui Petrochemical Industries, Ltd., (VG 3101) and 
Sumitomo Chemical Co., Ltd., (ELM 100) are trying to 
develop markets for their products whose heat resistance 
has been improved to the level of 190-260°C. Elsewhere, 
the bifunctional type, multi-layer functional type and 
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new glycidylamine type resins are also under develop- 
ment as a heat-resistant epoxy. Of these, for the bifunc- 
tional type, Yuka-Shell Epoxy Corp. is emphasizing the 
market development for Y X-4000 resin which is highly 
heat-resistant and of low-stress type. Five to six manu- 
facturers are involved in the improvement of (1) the 
multi-functional type, which is mainly characterized by 
high heat resistance exceeding 200°C and low elastic 
modulus, and (2) the new glycidylamine type, which is 
characterized mainly by heat resistance of approxi- 
mately 200°C and low water absorption. 


Today, the main application targets for the heat-resistant 
epoxy resins are the highly heat-resistant IC sealant and 
the multi-layered plates of six to 20 layers, which are in 
the intermediate region between the polyimide resins 
and the existing epoxy resins. However, more and more 
emphasis is being placed in tackling the development of 
highly heat-resistant epoxy resins to be used as the 
matrix for automobile and aircraft composite materials. 


Polyether-Nitrile “ID 300” 


43067167g Tokyo NIKKEI NEW MATERIALS in 
Japanese 17 Jul 89 pp 30-31—FOR OFFICIAL USE 
ONLY 


[Text] Idemitsu Industries Co., Ltd.’s (Idemitsu Indus- 
tries) (Tokyo) Central Research Institute developed a 
polyether nitrile, called “ID 300,” which is of a glass 
fiber reinforcement grade and undergoes thermal trans- 
formation at 330°C (see a related article on p 16 of this 
issue). This is a new crystalline thermoplastic engi- 
neering plastic with the molecular structure that has 
never been observed with previous engineering plastics 
(the nitrile radical is directly attached to the benzene 
ring, as shown in Figure 3). According to Idemitsu 
Industries, the material is characterized by the following 
seven properties: (1) high strength, (2) high heat resis- 
tance (see Figure 4), (3) very slight combustibility, (4) 
electric properties, (5) abrasion properties, (6) chemical 
resistance, hot water resistance and oil resistance, and (7) 
good moldability and fabrication-workability (Table 1). 
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Figure 3. Molecular Structure of Polyether Nitrile 


Of the properties listed in Table 1, the abrasion property 
is initially most attractive from the standpoint of appli- 
cation development. The intention here is to replace PI 
(polyimide) resins which are now used for abrasive 
applications. Although not as heat-resistant as PI, “ID 
300” is superior in abrasion resistance; thevefore, 
Idemitsu Industries believes, it is competitive in the 
applications for bearings and gears. Also, in comparison 


FOR OFFICIAL USE ONLY 








16 


Flexural Elastic Modulus (GPa) 


10 300-CF 30 


12 WO 300-GF 30 


FOR OFFICIAL USE ONLY 


CHEMICAL ENGINEERING 


Temperature (°C) 
Figure 4. Change in Flexural Elastic Moduli of “ID 
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with PI, the new resin is more productive in injection 
molding with its excellent, PPS (polyphenylene sulfide)- 
like fluidity at a molding temperature (Figure 5). 


Molding conditions are always a problem with heat- 
resistant engineering plastics. However, according to the 
Central Research Institute of Idemitsu Industries, the 
melting point of polyether nitrile is 340°C. The cylinder’s 
temperature should be heated to higher than 350°C, and 
the metal mold “should be set at near 200°C from the 
standpoint of better crystallinity, although can be left at 
ambient temperature for molding operation.” In other 
words, polyether nitrile is molded at a higher tempera- 
ture than PPS which is the standard for heat-resistant 
engineering plastics. 













































































300” With Temperature 
Table 1. Main Properties of Polyether Nitrile “ID 300” 
Test Method Unit 1D300 

Natural GF CF 
Charge Rate wi % 0 30 30 
Specific Gravity ASTM D-792 - 1.32 1.53 1.42 
Shrink Rate ASTM D-955 % (MD) 1.0 0.5 0.1 
Water Absorption Rate ASTM D-570 % 0.07 0.03 0.03 
Tensile Strength ASTM D-638 MPa 135 200 230 
Tensile Elastic Modulus ? GPa 3.2 7.5 12.3 
Elongation - % 10 3.2 2.3 
Flexural Strength ASTM D-790 MPa 190 260 290 
Flexural Elastic Modulus . GPa 4.0 11.0 16.4 
Compression Strength ASTM D-695 MPa 210 : . 
Izod Notched-Bar Impact ASTM D-256 kgf.cm/cm 4.7 7.0 4.0 
Toughness 
Rockwell Hardness ASTM D-785 - M114 M116 M118 
Thermal Transformation ASTM D-648 Lc 165 330 330 
Temperature (18.6 kgf) 
UL Index UL 746 Cc : (228) - 
Glass Transition Tempera- DSC Cc 145 145 145 
ture 
Melting Point a Cc 340 340 340 
IKHz ASTM D-150 : 3.55 4.06 . 
IMHz af - 3.47 3.99 . 
IKHz ” . 0.0059 0.0062 : 
IMHz » - 0.0039 0.0043 : 
Combustibility UL-94 - v-0 v0 v-0 
Oxygen Index - 42 46 
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Metal Mold Temperature: 170°C 


Injection Pressure: 1,850 kgf/cm” 





Fluid Flow Distance (mm) 


320 330 Ss a 
Temperature (°C) 

Figure 5. Comparison of Flow Characteristics of PPS, 

PEEK and “ID 300” 


The price has not yet been decided, as the resin’s samples 
are currently being distributed, but it is estimated by the 
company to be “hopefully approximately ¥ 5,000/kg 
eventually, if the market grows to about 100 tons per 
year.” 


At the same time, Idemitsu Petrochemical Co., Ltd., 
which is essentially the petrochemical division of 
Idemitsu Industries, is working on the commercializa- 
tion of PPS and LCP (liquid crystal polymer). The 
Idemitsu Group feels that there should be no direct 
competition between polyether nitrile and these engi- 
neering plastics, as the new resin is regarded as a heat- 
resistant engineering plastic on a superior level to the 
other two. 





Figure 6. Microscopic Photograph of “ID 300” 
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Shape Memory Resin “Zeon Shable-A Series” 


43067167h Tokyo NIKKEI NEW MATERIALS in 
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[Text] Nippon Zeon Co., Ltd. (Nippon Zeon), developed 
and began sales of “Zeon Shable-A Series,” a new-grade 
shape memory resin (Figure 17). In the beginning of 1989, 
Nippon Zeon had announced that, in an attempt to expand 
its shape-memory resin business, a development work was 
underway for a new resin which was different from the 
previously marketed polynolbornen-base shape-memory 
resin ““Norsorex” (see “Keen Competition Has Begun for 
Shape-Memory Resins - Continued from Previous Issue,” 
pp 82-88, the 20 Feb 89 issue of this journal). The new 
shape-memory resin now in the market is the first product 
of the development effort. More new grades of B and 
C-Series are to be developed for market expansion. ““Nor- 
sorex”’ for which Nippon Zeon has already been developing 
applications will also be marketed along with the new-grade 
resin. 


The newly introduced A Series resin is a polymer alloy 
whose main component is a polyester. Specific details, 
including the molecular weight, on the polyester has not 
been announced. The polymer itself does not have the shape 
memory function which is manifested only after the 
polymer has been alloyed. The crystalline portions of the 
alloy are the centers for the shape memory function. The 
shape memory temperature for the A Series can be set by 
changing the alloy’s composition ratio. The B and C Series 
which will be marketed later are supposed to have totally 
different compositions. 


The characteristics of this new resin are as follows: (1) it can 
be molded by extrusion, injection or blowing similar to most 
thermoplastic resins (“Norsolex,” which Nippon Zeon has 
already marketed, has been so difficult to fabricate that it 
can generally be shaped only by thermal press molding), (2) 
it is possible to create different grades, that have shape 
recovery temperatures of 40, 50, 60°C and so on at a 10°C 
increment, for selecting an optimal resin for an intended 
use, (3) it has excellent strength, stability against all kinds of 
climates and resistance against chemicals, and (4) its 
appearance is slightly yellowish and transparent. The injec- 
tion molding specifics for the new resin are shown in Table 
3, and its physical properties are summarized in Table 4. 





Table 3. Molding Conditions for “Zeon Shable A” 





























Injection Molding Machine Japan Steel Works, Lid.-make V-15 
Cylinder Temperature Nozzle Section 170°C 
Front Section 178°C 
Middle Section 160°C 
Below Hopper 140°C 
Injection Pressure Medium pres- 
sure 
Injection Speed | Medium speed, screw speed at 60 rpm 
Metal Mold Temperature 30°C | 
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Table 4. Shape Memory Temperature and Other Physical Properties 
Item Unit A-80 A-70 A-60 A-50 A-40 Remark 
Specific Gravity - 1.36 1.33 1.33 1.30 1.27 JISK7112 
Impact Toughness kgf-cm/cm2 3.0 12.4 2.2 Undestroyed 9.1 JIS K 7110 
Tensile Test ‘ 
Yield Point kgf/cm? $20 345 393 . 93 NS K 7113 
Breaking Strength kgf/cm? ; . 221 203 A80, A70, A60: 10mm/ 
min 
Elongation at Break % 68 233 193 267 233 A50, A40: 50mm/min 
Flexural Test 
Strength kgf/cm? 756 422 426 95 77 JIS K 7203 
Elastic Modulus kgficm? | 26400 14100 14900 3400 3600 Span 100mm 
MI (Condition 4) g/10 min 0.8 3.2 4.9 14.8 18.5 JIS K 7210 
Shore Hardness - 83 78 81 69 62 JIS K 7215 (D) 
Shape Memory Temperature Cc 50 ad 40 26 26 100 percent Elongation 
(for maintaining shape) Temperature 
Shape Memory Temperature Cc 80 70 60 50 40 A60, AS0, AO: 40°C 


(for recovering shape) 


























The production capacity for the A Series is initially 500 
tons per year. It will be sold at ¥ 2,500/kg. 
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New Project To Develop Improved Neural 
Network Computer 


1990 Start 


43065211 Tokyo NIKKEI Al in Japanese 
19 Jun 89 p I—FOR OFFICIAL USE ONLY 


[Text] A new research project “aimed at realization of a 
higher-level neurocomputer by modeling the functions 
of the brain” is expected to start up in the next fiscal 
year. A group of about 50 Japanese researchers, centered 
on professor Shunichi Amari of the University of 
Tokyo’s Engineering faculty, has proposed “‘computa- 
tional and experimental research on higher functions of 
the brain” as Ministry of Education priority research, 
and has requested budget measures beginning in FY90. 
If it does begin, it will be the first real “academic 
research project” in this field. 


The period of research requested is five years, from 1990 
to 1994. The budget request was approximately ¥ 1.4 
billion for such things as development of a high-level 
neural network simulator and equipment for simulta- 
neous and parallel analysis of brain functions. Although 
the responsible official in the Ministry of Education has 
said he does not know if the research period and budget 
will be approved as requested, there is little doubt that 
the “go sign” has been given for the research plan itself. 
The amount of the Science and Technology Research 
Subsidy will be formally decided in the last part of June, 
and will probably be incorporated in the ministry’s 
budget request for the next fiscal year. 


Although academic research projects of this sort exist at 
the university level, a representative example being the 
NIBS (Neural, Informational and Behavioral Science) 
Program of the University of Southern California, this is 
the first academic research project on a nationwide scale. 
The project will attract great attention, within Japan and 
abroad, because it will attempt to establish and develop 
a biological foundation for neural networks, which have 
tended to receive an engineering emphasis. 


Research Group Members 


43065211 Tokyo NIKKEI Al in Japanese 
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[Text] The project for “computational and experimental 
research on higher functions of the brain” in which 50 
university researchers and others are to participate is 
strictly at the stage of application for scientific research 
funds from the Ministry of Education; budget measures 
have not been formally decided. But even in the event 
that it is not authorized in the budget, the project may 
well be the occasion for the rapid progress of joint 
research involving researchers in the computer field 
together with those in such fields as neurophysiology and 
anatomy. That is because it is highly likely that it will 
have a great effect on computer science and neuroscience 
in general, and that the two will be fused and a new field 
of science will be established. 
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In fact, an unexpected phenomenon has occurred, in that 
those in the engineering field will not make up the bulk 
of the members of the “Japan Neurocircuitry Society” 
(tentative name), preparations for the establishment of 
which are proceeding in parallel with this project. 
According to one party involved, “it was originally 
expected that of about 500 persons who would want to 
join, 70 percent would be on the engineering side and 30 
percent, at most, would be on the physiology side. But as 
the word of its establishment spread, there was a flood of 
applications from the field of neurophysiology, and now 
it looks like the composition of the membership will be 
about half and half.” 


The research group is to be divided into six teams with 
such topics as “computational theory of the brain” and 
“perception and recognition.” Participants in each team 
will include researchers doing engineering research on 
neural networks, together with professors like Masao Ito 
of the University of Tokyo’s medicine faculty, who has a 
worldwide reputation in neurophysiology, and neural 
anatomy professor Noboru Mizuno of Kyoto Univer- 
sity’s medicine faculty. It is a setup that will carry out 
scholarly research through closely coordinated moves 
(table 1). For example, the project will develop a high- 
level neural net simulator that incorporates the most 
recent views in the fields of neurophysiology, anatomy 
and neuropsychology, and on the other hand it will 
verify new physiological hypotheses on nerve networks 
by modeling them on a simulator. The major goal of this 
project is to extrapolate such joint research to the point 
of establishing a new scholarly discipline to be called 
Computational Neuroscience. 


Highly ambitious items are listed among the “computa- 
tional” research topics of this project. For example, the 
“computational theory of the brain” team is expected to 
keep close contact with the the other teams and serve to 
coordinate this research. It will “build up theoretical 
models based on views regarding brain architecture and 
nerve network composition derived from experimental 
research, . . . and pursue the possibility of realizing the 
higher functions of the brain technologically, as a new 
computer.” The “thought and language” team, which 
will b> most closely related to conventional Al [artificial 
intelligence] research, has as its goals “to construct a 
layered model of nerve networks that can form linguistic 
concepts from non-language pattern information,” and 
“to propose new computation mechanisms that integrate 
pattern information and symbolic information.” 


This is all a reflection of a series of new discoveries from 
application of recent computer models to the neurophys- 
iological field of research into space perception, move- 
ment perception, memory and so on. At the same time 
that there has been an extension of simple applications 
of neural nets, even industrial researchers have begun to 
realize that, “it will be hard to make breakthroughs 
unless a system is created that incorporates what the 
physiologists are doing.” The fusion of the two sides is 
truly “demanded by the times.” 
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According to one party involved, “when this sort of 
scholarly research has been done in the past, it has 
appeared that the benefits were gained by the engi- 
neering side, and that there was little benefit for physi- 
ology. But we are beginning to see cases where computer 
modeling of the results of research has been very effec- 
tive. One can state flatly that the time is ripe to begin an 
exchange between the two sides.” 


Computational neuroscience is a new discipline that has 
suddenly gained prominence. It has no body of systematic 
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methodology. For that reason, one goal of the project is 
“establishment of new methodology” that incorporates 
experimental methods. Another goal is to foster talented, 
young researchers by recruiting them from a broad range of 
other fields through a “public appeal for research. In the 
U.S. too, professor T. Sejnowski of Johns Hopkins Uni- 
versity and others have begun to train up young 
researchers in this field in various universities. The day 
may soon come when computer science will be led by 
researchers who have learned a new methodology with "a 
scapel in one hand and the other on a keyboard.* 





Overview of Computational and Experimental Research on 
academic’ aah r from suc 


nature of first line researchers 


wm Higher Functions of the Brain, which is characterized by 
engineering, medicine and neurophysiology. 





Summary of research topic 


Member researchers 





Computational Theory of the Brain 





Analyze the characteristics of neural networks using the methodology of 
mathematical engineering, information engineering and physics, and 
join that research with experimental research in physiology. Pursue the 
possibility of realizing the higher functions of the brain technologically, 
as a new computer. 


S. Amari (U. of Tokyo), M. Ito (U. of Tokyo), H. Shimizu (U. of Tokyo), 
T. Aiso (Keio U.), Y. Uesaka (Inst. of Physical Sciences), T. Sato (Osaka 
U.), S. Shinomoto (Kyoto U.) 





Perception and Recognition 





Conduct engineering research on vision and hearing using nerve net- 
work models, in parallel with neurobiology research on visual, auditory 
and tactile sensation. Use engineering research with simulators to estab- 
lish bold hypotheses in fields that cannot be explained experimentally, 
and study models on the basis of knowledge gained in biological 
research. 


K. Toyama (Kyoto Pref. U. of Medicine), Y. lwamura (Toho U.), T. Saito 

(NHK), N. Maruyama (Niigata U.), S. Yamane (ETL), K. Tsuda (Kyushu 

Inst. of Technology), M. Nagano (Hosei U.), K. Fukushima (Osaka U.), N. 
Hoshimiya (Tohoku U.) 





Learning and Memory 





Use engineering research with models to study (1) the structure of a 
model of the memory process, including both short-term and long- term 
memory, (2) memory and learning mechanisms for patterns in time and 
space, and mechanisms for learning and memory of place. Use experi- 
mental research (1) to clarify the role of the cerebral periphery in 
learning based on reward and punishment, and (2) to analyze the 
activity of neuron groups discovered in the temporal region that memo- 
rize complicated figures and the neurons of the hippocampus that 
memorize time sequences. 


N. Sugie (Nagoya U.), E. Iwai (Tokyo Metropolitan U.), T. Ono (Toyama 

Med. and Pharm. U.), H. Miyashita (U. of Tokyo), S. Yamadon (Himeji 

Circulatory Center), K. Nakano (U. of Tokyo), Y. Hirai (Tsukuba U.), J. 
Yoshizawa (U. of Tokyo) 





Programming and Control of Motion 





Record the activity of neurons in parts of the nervous system closely 
related to voluntary activity, and find the neurons that make up the 
neural circuitry that produces time-space patterns of motion (experi- 
mental research). Then construct neural net models that move multi- 
jointed manipulators smoothly and naturally, and clarify the role of 
subsystems that correspond to the structures of the nervous system 
found in experimental research. On that basis, conduct research on the 
structure of the overall system for voluntary motion. 


R. Suzuki (U. of Tokyo), H. Sakata (Nihon U.), K. Sasaki (Kyoto U.), Y. 

Shinoda (U. of Medicine and Dentistry), J. Tanji (Tohoku U.), O. 

Hikosaka (Inst. of Physiology), K. Kasai (Osaka U.), T. Kawahito (ATR), 
A. Fujita (MPT) 





Thought and Language 





As computational model research, study (1) new computation mecha- 
nisms that integrate pattern information and symbolic information, (2) 
neural net models of image processing, which is an important element 
for explaining the parallel processing of thought and language, and (3) a 
compound neural net computational model that carries out integrated 
processing as parts of the brain interact. As experimental research, ana- 
lyze the neuron activity of the fore part of the frontal lobe of monkeys, 
and study language learning and thought in chimpanzees. 


H. Futaki (U. of Tokyo), M. Iwsata (U. of Tokyo), K. Kubota (Kyoto U.), 

T. Matsuzawa (Kyoto U.), Y. Anzai (Keio U.), T. Omon (Tokvo U. of 

Agriculture and Technology), Y. Okabe (U. of Tokyo), Y. Okamura 
(Waseda U.) 





Modular Structure of Nerve Circuits 





On the basis of the stimicture of the bundles of nerve cells with similar 
functions (columns) that make up the cerebral cortex, pursue the physi- 
ological and engineering aspects of column plasticity and auto-organiza- 
tional qualities. As enginee-ing research, consider the columns as neural 
net modules, and model their dynamic characteristics and plasticity. 
Study the manifestation of different functions depending on the compo- 
sition of multiple modules. 





C. Tsumoto (Osaka U.), N. Mizuno (Kyoto U.), F. Murakami (Osaka U.), 

C. Yamamoto (Kanazawa U.), K. Aihara (U. of Electromechanics), N. 

Ishii (Nagoya Inst. of Technology), F. Usui (Toyohashi U. of Technology), 
M. Tsukada (Tamagawa U.) 
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TRON Business Takes Off 
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A Flurry of Research-Promotion Conferences, 
Roundtable Discussions 


A Move Toward Technological Interchange, System 
Development 


[Text] Starting at the beginning of this year, research 
conferences and roundtable discussions on promoting 
the TRON Project have been taking place, one after 
another. With a view toward the 21st century, activity in 
technological interchange and system development 
aimed at business success has increased. The Incorpo- 
rated Japan Association for the Promotion of Industrial 
Technology will establish the TRON Intelligent Automo- 
bile Network Committee in October and begin design 
and research work on a new automobile network—.e., 
the TRON intelligent automobile network system. In the 
field of domestic land development, the Chiba TRON 
Intelligent City Research Association will start up in 
October to establish an intelligent city in Ichihara City, 
Chiba Prefecture, scheduled for completion in the late 
1990's. In July the TRON Intelligent Housing Research 
Association started construction of the TRON intelligent 
housing Pilot House, which will open in November. The 
TRON Intelligent Building Research Association, under 
the direction of Hazama Construction Company, has 
adopted the concept of the TRON intelligent building as 
the model for office space in the 21st century, and has 
begun collaborative research. At the BTRON Software 
Roundtable Discussion attended by software manufac- 
turers, Opinions were exchanged about the software 
business as it relates to BTRON. The Saitama Prefecture 
TRON Research Association, with the cooperation of 
Saitama Prefecture, is intensifying technological inter- 
change. It is expected that, with the support of the 
computer, society will undergo radical changes, starting 
in the latter half of the 1990's, and going into the 21st 
century, when many TRON computers will be used. 


Automobile Network, Urban and Housing Applications 


The champion of the TRON concept is Ken Sakamura, 
assistant professor at Tokyo University; he is at the 
center of research and development being promoted and 
applied toward the realization of this concept. A great 
deal of energy has been invested in the construction of a 
computer system based on the architectural concept of 
the new OS. TRON is a new computer architecture based 
on a VLSI microprocessor. Currently, various organiza- 
tions are proceeding with research and development and 
production, but the TRON Association is the nuclear 
organization for project promotion. The TRON Associ- 
ation is developing a testing system to check the com- 
patibility of TRON specifications, and has begun verifi- 
cation experiments and testing work. 
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Preparations for Research, Agreements: TRON 
Intelligent Automobile 


Network Technology Committee will carry out research 
on information communication methods, information 
formats, and operation methods for an automobile infor- 
mation communication system, and will prepare agree- 
ments. Because the development of the TRON intelli- 
gent automobile will become the basis for the new traffic 
system of the 21st century, some 15 firms in the archi- 
tectural, electrical, and automotive industrial fields will 
participate in it. In addition to a method for controlling 
an automobile network, which uses an automobile infor- 
mation communication system, the Committee will 
investigate a system which links the automobile and the 
road, and will do research on a semi-automatic motion 
system and a hazard-avoidance system. Assistant pro- 
fessor Sakamura is expected to be installed as the com- 
mittee chairman. 


The Chiba TRON Intelligent City Research Association 
currently has 41 member companies. The Intelligent 
City Project extends the intelligent building concept to 
an entire district. By controlling the district with a total 
system, a network of several tens of thousands of com- 
puters will provide a pleasant environment for residents. 
In Ichihara City, Chiba Prefecture, 100 hectares of land 
will be used for domestic land development. The aim is 
to build a software park at the cost of ¥ 100 billion, and 
work is proceeding on the plan to make this an intelligent 
city. Work will be started in 1991, to be completed in 
approximately eight years. 


TRON intelligent housing, called the Pilot House, has 
been proposed as a new concept for housing of the 
future, and is currently under construction at a site 
within the headquarters of Nippon Homes (Tokyo). It 
will have one floor below ground, two floors above 
ground, and cover a total area of 380 square meters. All 
faci‘ities will be connected to a sensor network and a 
computer system based on TRON specifications, cnd the 
entire residence will be controlled in an integrated 
fashion. The investment is approximately ¥ 1 billion. It 
will open in November, and will be occupied experimen- 
tally for approximately three years. 


Model Office 


In addition to Hazama Construction Company, Asahi 
Glass, Sun Wave Industries, Tokyo Gas, Nomi Disaster- 
Prevention Industries, Fujitsu, Plus, and others, will 
participate in the TRON Intelligent Building Plan. They 
will construct a model office building, a realization of 
office space of the next generation, making full use of 
TRON. Research activity is scheduled to take two years. 
The BTRON Software Roundtable Discussion Associa- 
tionwas formed in May, and has 2! member firms. They 
have been exchanging ideas on the development of 
software involving BTRON (application systems and 
software packages), which is vital to the promulgation of 
the new OS, on which they run. 
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Saitama Prefecture TRON Research Association is an 
association of software companies within Saitama Pre- 
fecture. The TRON Association and the Saitama Prefec- 
ture Public Corporation for the Promotion of Medium 
and Small Enterprises are the cooperating organizations. 
They are planning to amass system expertise relating to 
TRON, through research activity. 


Eleven Firms Agree on Uniform Specifications for 
43065215b Tokyo NIHON KEIZAI SHIMBUN in 
Japanese 23 Aug 89 p 1O—FOR OFFICIAL USE 
ONLY 


Response to OS/2, Production in the Fall 


[Text] On August 22, it was announced that, in prepara- 
tion for the expansion of the 32-bit personal computer 
market, || firms, including the major personal computer 
manufacturers, Fujitsu, Toshiba, IBM Japan, and the 
software company Microsoft (headquartered in Tokyo, 
president, Atsushi Furukawa), have reached a common 
agreement which would make possible the widespread 
use of business applications software, on any type of 
computer. This agreement is in response to OS/2, the 
32-bit OS (basic software), the most recent version of 
which will be released in September. Each firm will 
proceed with production, based on these specifications, 
Starting this fall. By making it possible to use one 
distributed version of software on any type of machine, 
they aim to provide convenience to the user. The coali- 
tion will also act as a countermeasure against NEC, 
which holds the predominant share of the domestic 
personal computer market. 

Participating in this standardization are Microsoft and 
nine computer manufacturers: Fujitsu, Toshiba, Oki 
Electric, Matsushita Electric, Sanyo Electric, Mitsubishi 
Electric, Sharp, Hitachi Manufacturing, and IBM Japan, 
and a leading information service company, NTT Data 
Communications—1! | firms in all. 


OS/2 is an OS for 32-bit machines jointly developed by 
U.S. Microsoft and IBM. The 11 firms have agreed to 
standardize specifications of the applications program- 
ming interface (API), used to exchange information 
between OS/2 and business applications software, and 
have concluded the “Japanese Language OS/2 API 
Common Agreement”. IBM Japan, Fujitsu, and others 
have already shipped 18,000 of the initial version of 
OS/2 (Ver 1.0). However, the object of the agreement is 
Ver 1.1, full-scale delivery of which will begin this fall. 
The participating enterprises will proceed with produc- 
tion of personal computers, conforming to this agree- 
ment. 


Until now, it has been impossible to use commercial 
software on personal computers made by different man- 
ufacturers, or even on different machines made by the 
same manufacturer. With this agreement, it will be 
possible to use the same software on any personal 
computer manufactured by the participating firms. Since 
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the software companies can now avoid the work of 
modifying their software for each type of machine, they 
will be able to increase the efficiency of their product 
development. 


Cealition Before Market Expansion 
(Exposition) 


The basic software (OS) manufactured by Microsoft, and 
called “MS-DOS” is used on 16-bit personal computers, 
which are now in the mainstream. However, though the 
basic software may be the same, specifications differ for 
each type of personal computer. Therefore, it is neces- 
sary to develop a version of each business application for 
each type of machine. 


NEC claims an overwhelming share in the current 16-bit 
personal computer market. Software for NEC machines 
is in abundance in the market, and this is the main 
reason for NEC’s strength. 


However, 32-bit machines, with a higher performance 
than 16-bit machines, have begun to appear. With the 
drafting of this common agreement, the lower- 
market-share manufacturers will standardize specifica- 
tions before software for OS/2, the OS of the 32-bit 
machine, comes into widespread use. They are aspiring 
to put a stop to NEC's solo run by making it possible to 
use each other's software. 


In the computer market, there have been two instances 
in the past where computer manufacturers formed this 
type of alliance. One was the production of the “MSX”, 
an 8-bit machine, by Matsushita Electric, and others; the 
other was the “AX”, a 16-bit machine, with Mitsubishi 
Electric and Sanyo Electric being the main figures. In 
both cases, those involved entered the market after it was 
already mature, and were unable to achieve the expected 
results. 


This time, with this standardization accompanying the 
appearance of the 32-bit machine, almost all the prin- 
cipal computer manufacturers, with the exception of 
NEC and the NEC-compatible manufacturer, Seiko- 
Epson, are participating. Will this third alliance of 
lower-market-share manufacturers be <s::ccessful? It will 
probably become the controlling factor in the world of 
personal computers. 


High-Speed Computers Linked 

43065215c Tokyo NIHON KEIZAI SHIMBUN in 
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The Way Opens for Joint Use of Research Data 


[Text] The high-speed computers of the Physical Sci- 
ences Department of Tokyo University and of the Uni- 
versity of Hawai (U.S.) have been linked on line, 
through the cooperation of both universities; and the 
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Tokyo University Physical Sciences Department Inter- 
national Science Network (TISN), which will make pos- 
sible joint use of scientific research data in such areas as 
physics and chemistry, has been established. This is the 
first time that a Japanese university has set up a full- 
scale, high-speed computer network with a foreign uni- 
versity or research organization. The opinion ts that this 
network will be a mainstay of the move toward interna- 
tionalization of scientific research, through the promo- 
tion of international cooperative research and the joint 
use of research-onented databases. 

The new computer network Is connected to computer 
terminals in various Tokyo University physical science 
departments, such as physics, chemistry and information 
sciences, at the Japan side. A similar network at the 
University of Hawaii can be directly accessed through a 
dedicated Kokusai Denshin Denwa (KDD) line. 


Furthermore, since the University of Hawaii has already 
established a large-scale computer network with research 
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Organizations and universities in the continental United 
States, Europe, and Australia, the Japan side will be able 
to use various European and American scientific 
research databases, as well as that of the University of 
Hawaii. 


In Japan, the plan is to expand the network to include 


Physics Research Institute of the Ministry of Education. 
Those connected with this project feel that when this has 
been accomplished, international cooperative exper- 
ments and the joint use of research data in the area of 
basic research will take on new vigor. Wada, Tokyo 
University Physical Sciences Department chairman says 
“The consolidation of a computer network of Japanese 
research organizations is long overdue, and foreign 
researchers are voicing their dissatisfaction about the 
difficulty in obtaining information from Japan. | am 
hopeful that the installation of the new network will lead 
to an improvement in this situation.” 
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Firing Simulator for Type-74 Tank Replacement 


43062082a Tokyo NIKKEI SANGYO SHIMBUN in 
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[Text] Mitsubishi Heavy Industries [MHI] has devel- 
oped a simulator for training in firing new tanks for the 
Defense Agency. The new tank will be equipped with 
such things as digital computers and infrared imaging 
devices; they will use the world’s most advanced tech- 
nology, and are to be deployed in the 1990's as the 
successor to the current Type-74. The simulator that has 
been developed is training equipment to provide famil- 
iarity with the high-performance equipment of this new 
tank. It commands the latest technology, such as com- 
puter generation of electronically modeled graphics. 
There are precedents for such simulators for aircraft 
training, but this is the first for a tank. 


The simulator consists of a model turret that copies the 
interior of a tank turret, control equipment for the 
instructor to monitor training conditions and evaluate 
the training, equipment to generate the simulated field of 
view, and simulator control equipment to compute the 
simulation of turret functions. It is capable of training 
under battlefield conditions, such as firing while sighting 
On a moving target as the tank travels rough terrain, and 
the training experience can be analyzed in detail. There 
is only one firing training device for the current Type-74 
tank; it is a simple one that uses slides. The simulator for 
the new tank will have software-selectable levels of 
difficulty for trainees from beginners to experienced 
personnel. 


Simulator technology using computers has been devel- 
oped for training, but the new tank will make use of 
much new technology , including automatic loading 
equipment, laser ranging equipment, high elevation of 
the barrel, and a target tracking system. The numerous 
constraints on firing ranges and exercises in Japan also 
favored improvement of the functions of a high- 
performance simulator. 


The simulator that was developed is a prototype model 
commissioned in FY87 by the Defense Agency's Tech- 
nical Research and Development Institute [TRDI]. The 
Defense Agency will perform technical testing and eval- 
uate the system over the next year. The simulators that 
will actually be used by the GSDF for training will be 
incorporated into the budget request for FY90, which 
will be put together this summer. MHI was in charge of 
the overall development. The simulated graphics portion 
was in the hands of Mitsubishi Precision (Tokyo, presi- 
dent Hideo Ota, ¥ 2 billion capital). 


Type-70 Mine Field Destruction Device 
Replacement 

43062082b Tokyo NIKKEI SANGYO SHIMBUN in 
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[Text] The Defense Agency and Nissan Motors will 
fabricate, by the middle of 1990, a minefield disposal 
device that will replace the present Type-70 mine field 
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destruction device. It will be the world’s most advanced 
device for efficiently producing paths to penetrate mine 
fields. Following trial fabrication, it will undergo final 
testing before procurement and mass production. If 
things go smoothly, the type will be designated in 1991, 
and deployment will begin in 1992. 


This disposal device will resemble a self-propelled rocket 
launcher; it will have a rocket launcher and fire control 
equipment mounted atop a tracked vehicle. It will fire 
rocket shells containing blocks of explosive into the mine 
field. Then explosive blocks, connected to the rocket 
shell by a rope, will spread apart, fall to the ground and 
all explode at once, thus detonating the mines. Because 
the explosive blocks are dropped as a group, a single 
rocket launch can create a path that a tank can easily take 
across even a broad mine field. 


The current Type-70 mine field destruction device is a 
portable launcher weighing about 20 kg. The rocket 
drops explosive pouches connected with a rope, and is 
used to open a path across a mine field that a man can 
pass, about 100 m long and 50 cm wide. Then new 
charges are laid along that path to pierce the mine field 
with a course wide enough for a tank to pass. However, 
that method takes time and there is a high risk of enemy 
attack while the charges are being laid. Therefore, a new 
mine field disposal device has become necessary. 


The Defense Agency’s TRDI and Nissan began research 
on the concept about 10 years ago, and started full-scale 
R&D in 1984. In the trial fabrication now being under- 
taken, Nissan will make up about 70 rocket shells and 
Hitachi Ltd., as a cooperating contractor, will build two 
self-propelled vehicles. A contract for ¥3 billion was 
concluded in FY88. That will be completed by August 
1989, and resistance to environmental factors will be 
tested before prototype production begins. 


The minefield disposal vehicle will be about 7 m long 
and 3 m wide, and will weigh about 25 t; the overall 
length of the rocket will be about 4.6 m. The Defense 
Agency plans, ultimately, to procure about 100 of the 
vehicles. 


Infrared FLIR Development 


43062082c Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 11 May 89 p 1|6—FOR OFFICIAL USE 
ONLY 


[Text] The Defense Agency, Mitsubishi Electric Corp. 
[MELCO] and Fujitsu have begun research fabrication 
of a forward-looking surveillance device that uses an 
infrared sensor (FLIR) to be mounted on fighter aircraft. 
It is characterized by the dual functions of surface 
surveillance and air to air surveillance and, taking 
advantage of the Japanese specialties of semiconductors 
and graphic processing technology, will be the world’s 
most advanced system. If the trial fabrication is suc- 
cessful, development will be hurried along and the 
device will be mounted in the next fighter support 
aircraft (FSX) and the future fighter attack aircraft. 
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Along with MELCO and Fujitsu, both NEC and Toshiba 
have advanced technology in the field of infrared sen- 
sors. These four companies submitted independent pro- 
posals for the FLIR research fabrication, competing for 
acceptance, but in the end MELCO and Fujitsu were 
chosen as prime contractor and cooperating contractor 
respectively, and were able to start research. They intend 
to build a working version in about three years, then shift 
to the development stage. 


The FLIR for fighters is a device that assures vision even 
at night and in poor weather. It uses a sensor to detect 
the infrared radiation naturally emitted by bodies, and 
uses graphic processing to display images that can be 
distinguished visually on a television monitor. Even at 
night, the images are as clear as day. Infrared surveil- 
lance devices have become practical for use in surface 
weapons like tanks, but a FLIR to be mounted in a 
fighter requires faster image processing, better discrimi- 
nation, and resistance to environmental factors. 


With the advance of semiconductor technology, infrared 
sensors have developed from the first generation of 
single element detection, through the second element of 
multicell detection in linear arrays, to the third genera- 
tion of IRCCD (infrared charge-coupled devices). At 
present the world at large is shifting from the second 
generation to the third. The Japanese effort will make a 
high-performance IRCCD practical, and will achieve a 
FLIR with greater sensitivity and with smaller size and 
weight than those now in use, which require mechanical 
scanning. 


Two IRCCD’s to detect infrared wavelengths in the 3 to 
5 micron band and in the 8 to 12 micron band will be 
mounted in a single pod. That will yield a FLIR capable 
of detecting a broad range, with both air-to-surface and 
air-to-air functions. Those under development in Europe 
and the U.S. are regarded as exclusively for ground or for 
air targets. MELCO is responsible for trial fabrication of 
the 3 to 5 micron IRCCD, and Fujitsu for that in the 8 to 
12 micron band. 


Railgun R&D 


43062082d Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 18 May 89 p 12—FOR OFFICIAL USE 
ONLY 


[Text] This year the Defense Agency will begin research 
on the electromagnetic gun (railgun), which is called “the 
cannon of the future.’ The railgun is considered capable 
of serving as the next generation of tank cannon, and as 
an air defense gun to shoot down missiles; research has 
gone forward in the U.S. as a part of SDI (the Strategic 
Defense Initiative). It has been revealed that seven 
influential companies—MHI, Japan Steel Works, Sumi- 
tomo electric, Ishikawajima-Harima Heavy Industries, 
MELCO, Fuji Electric and Hitachi—will take part in the 
Defense Agency’s research plan. They will first work out 
the necessary technology, then enter the stage of concrete 
development. 
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This is the first time the Defense Agency has put figures 
into the budget and begun research on the railgun. About 
two years will be taken for survey research on what kind 
of weapons it can be applied to. At present, seven 
companies have made separate research proposals to the 
Defense Agency. The companies involved will be nar- 
rowed down when a concrete decision are made 
regarding the coverage of the research. It will be neces- 
sary to develop advanced technology not only for the 
launching device, but for a barrel that will withstand 
wear, a sighting device that is highly precise and so on. 
There is a good chance that several companies will 
engage in joint research. 


The railgun is a weapon v/ith operating energy that is 
completely different from conventional firearms. Elec- 
tromagnetic force is used to accelerate the projectile to 
an ultra-high speed. Specifically, strong pulses of current 
instantaneously convert metal to plasma (a high- 
temperature state in which the nuclei and electrons that 
make up the atoms are dissociated), at which time the 
ultra-high pressure thus generated is guided through the 
barrel and launches the projectile. 


In conventional cannons that use gunpowder, the muzzle 
velocity of the projectile is from 1.6 to 1.8 km/sec. Even 
with improvements, the theoretical limit is said to be 2.0 
km/sec. The railgun, on the other hand, has a speed of 
150 km/sec in theoretical calculations. In practical 
terms, the speed now sought is 10 to 12 km/sec; 20 to 30 
km/sec will be possible with further technological 
progress. Compared with gunpowder, such a projectile 
velocity is exceptionally high. 


A projectile flying at a velocity of 10 km/sec or more that 
strikes its target can easily destroy even a guided missile. 
For that reason, the railgun has drawn attention as an 
effective weapon of the future. When then U.S. president 
Reagan announced SDI in 1983, the railgun was incor- 
porated as one of its themes. Experimental results such 
as “acceleration of a 100 g body to 5 km/sec” and 
“acceleration of a 300 g body to 4.2 km/sec” have been 
reported. 


Type-75 155 mm Howitzer Replacement 


43062082e Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 15 May 89 p 14—FOR OFFICIAL USE 
ONLY 


[Text] In FY90 the Defense Agency, Japan Steel Works 
and MHI will begin to develop a successor to the GSDF’s 
Type-75 self-propelled 155 mm howitzer. In addition to 
providing a longer range and improved accuracy, they 
will develop an automatic shell loader and enhance 
mobility. An experimental model is to be completed by 
FY91, and technical tests will be conducted on the 
premise that it will be added to the inventory in FY92. It 
is to be deployed to the forces during the next Mid-term 
Defense Equipment Plan (1991-95). 


The range of the Type-75 howitzer is about 15 km; the 
range of the new one will be extended to 20 km or more. 
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To do that, it will be converted to a barrel of the 
long-range type used in the FH70 tractor type 155 mm 
howitzer. At the same time, an automatic position eval- 
uation device will be added to the turret system. That 
will make it possible to quickly confirm the relative 
position of the target for effective firing. The gun will be 
enlarged, and will use as its base a new type of armored 
tank vehicle, procurement of which will begin this year. 


It will be equipped with a new automatic loader that will 
handle shells at any desired angle. The loading of shells is 
semi-automated at present. During loading, it is neces- 
sary to return the barrel to a given position for each load, 
and shells are placed into the loader through a manual 
operation. With the new model it will be possible to load 
no matter what angle the barrel is at, and an external 
ammunition feed device will be added to completely 
automate shell handling from the time of loading into 
the vehicle through to firing. That will make continuous 
firing possible, and will improve mobility. A howitzer 
that can change its barrel elevation, unlike a tank, has 
presented technical difficulties for automatic loading. 
European countries like West Germany and Britain have 
engaged in joint research on automatic loading of 155 
mm howitzers, but are said to have broken off without 
achieving a practical device. 


The Defense Agency’s TRDI began conceptual research 
for development of the new self-propelled 155 mm 
howitzer in FY85. Technical research on the automatic 
loader and turret system began first under the direction 
of Japan Steel Works, and in FY88 MHI took on 
remodeling of the vehicle. The research has been com- 
pleted and development begun in both cases, so the 
Defense Agency has set a policy of adding this weapon to 
the FY90 budget and moving into full-scale develop- 
ment. 


MHI’s Missile Factory 


43062082f Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 25 May 89 p 14—FOR OFFICIAL USE 
ONLY 


{Commentary by reporter Yuichiro Ito of NSS Nagoya 
Bureau] 


[Text] MHI will separate the Komaki north plant (in 
Komaki-shi, Aichi prefecture) of its Nagoya Aircraft 
Works (NAW), which is the center of Japan’s aerospace 
development, and make it independent as Nagoya Guid- 
ance and Propulsion Systems (NGPS), as of | July. This 
will be done because great growth is expected in the 
missile sector, which is its primary emphasis, and the 
resultant organizational expansion of NAW made uni- 
fied management difficult. Although it is called the 
aerospace industry, in Japan’s case there is a marked 
difference of growth potential between field of civil 
aircraft, which lags well behind, and the defense field, in 
which large-scale projects are regularly added to the 
national budget. The reality of that gap can be seen in the 
independent establishment and rapid growth of NGPS. 
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Of the total sales of NAW (¥ 250 billion in FY87), the 
Komaki North plant’s missile sector accounted for 15 
percent. Michiaki Kawano, an MHI director and head of 
NAW, is confident that “within three years it will 
increase to an amount equivalent to 40 percent.” There 
is a good chance that by the period ending in March 
1991, NGPS’s sales (including engines and hydraulic 
systems) will match those of NAW (consisting of the Oe 
plant, the Oe branch plant and the Komaki south plant) 
following withdrawal of the Komaki north plant. 


Demand for missiles has grown that rapidly. The Mid-term 
Defense Equipment Plan set in FY85 placed emphasis on 
improvement of capabilities for air defense of the main 
islands. Consequently, the Defense Agency will equip itself 
with five groups of Patriot surface to «ir guided missiles 
and 4.5 groups of improved Hawks in five years beginning 
in FY86. It intends to buy 54 of the latest surface to ship 
guided missiles (SSM1), beginning last year. Supplying 
Patriots alone is a project with a cost said to total one 
trillion yen. MHI is the company with the primary respon- 
sibility for licensed production of Patriots, and the SSM1 
is a leading-edge missile it has developed independently. 


Now that full-scale procurement of these missiles is 
going forward smoothly, it is natural that MHI would 
begin to strengthen the make-up of NGPS. In July NGPS 
will establish five new divisions, including electronic 
technology and quality control, and increase the staff by 
120, up to 1865 personnel. A new three-story building 
with 7,500 square meters of floor space will be added to 
plant 3 in preparation for mass production of the SSM1; 
it will begin operation in the fall. In addition, a two story, 
2,320 square meter building will be added for the Missile 
Technology Center to perfect the physical setup. 


On the other hand, these are lean times for the civil aircraft 
sector, into which NAW has long wanted to put more 
effort. All it is handling in that field is assigned production 
of some passenger aircraft like Boeing's B767 and McDon- 
nell Douglas's MD11. That field accounts for only 6 
percent of NAW’s sales. The company has not made use of 
its technology, including the world’s best composite mate- 
rials, unitary casting and electronics, and has accepted a 
supporting role under American manufacturers. 


Development research for the ‘“Hicho” experimental 
STOL (short takeoff and landing) test plane, which it is 
hoped will lead to in independently developed passenger 
plane to follow the YS11, was completed at the end of 
March with achieving the goal of bringing it to a practical 
level. It has been reminded of the obstacles that Boeing 
and Europe’s Airbus Industries pose in the fields of struc- 
tural design and sales performance; MHI’s technical per- 
sonnel are disappointed, and take the view that “indepen- 
dent development in the risky field of domestic passenger 
planes is in a hopeless state.” 


The climate in the field of spacecraft is harsh. Although 
MHI’s work on rockets is at the core of Japan’s space 
development, sales in this field are only 10 percent of 
NAW’s total. The overall scale of Japan's space industry 
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was ¥ 201.4 billion sales in FY87, described with self-scorn 
as “smaller than the ice cream industry.” The key is held 
by the National Space Development Agency, the budget of 
which has been in the range of ¥ 120 to 150 billion in 
recent years; it has continued at the pace of a slow ox, 
launching a mere two rockets a year. 


As has been said for years, active development of private 
demand is essential to the development of the aerospace 
industry in Japan. The truth is that MHI, which runs at 
the head of the industry, has to depend on the Defense 
Agency for orders, That situation is symbolized by the 
rapid growth of NGPS. 
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New Plastic For Fusion Reactor Use Developed 


4306305 1b Tokyo NIHON KOGYO SHIMBUN in 
Japanese 16 May 89 p 12—FOR OFFICIAL USE 
ONLY 


[Text] The Japan Atomic Energy Research Institute 
(JAERI) (Y. Ihara, Chairman of the Board) and Mitsub- 
ishi Electric (M. Shiki, President) have jointly developed 
a new fiber reinforced plastic (FRP) with the world’s 
highest performance in resistance to radiation. 


JAERI has pushed ahead with research and development 
on this FRP with the goal of beginning employment 
around the year 2000 and they have targeted application 
as an insulating material for superconducting magnets in 
nuclear fusion test reactors. Insulating materials for the 
superconducting magnets in fusion reactors are exposed 
to intense radiation at extremely low temperatures, but 
this new FRP has one giga-Pascal strength (100 kg/mm’) 
at liquid nitrogen temperatures (77 K = -196°C) and can 
withstand 90 mega-Curries of radiation (a Currie is a 
new unit giving amount of radiation absorbed; one 
Currie is equal to 100 rads). This is 1.5 to 2 times better 
than existing radiation resistant FRPs. 


JAERI will announce these results at the Japan Com- 
posite Material Society meeting to be held on 16 and 17 
May at the Science University of Tokyo in Tokyo/ 
Shinjukuku. 


FRP is light in weight, high in strength, and has out- 
standing insulating characteristics. It is widely used as a 
structural material in aircraft and man-made satellites. 
Although FRP is thought to show great promise as an 
insulator in fusion reactors which will be an energy 
source in the 21st century, there is a difficulty in that 
ordinary FRP is degraded by the radiation generated 
within the reactors. JAERI has thus pushed ahead with 
the development of new FRPs with high resistance to 
radiation. 


In fusion reactors intense magnetic fields are considered 
necessary to confine the high temperature plasma within 
the reactor and so large-scale magnets generating mag- 
netism are essential. 


At the present time ordinary conducting magnets are 
used in the “JT-60” Critical Plasma Test Device oper- 
ated by JAERI, but superconducting magnets which are 
cooled to extremely low temperatures will be used in the 
next test reactor. In superconducting magnets insulating 
materials must maintain high strength at extremely low 
temperatures under intense radiation. 


The newly developed FRP responds to these needs. 
Epoxy resins have been used which combine tetraglycl- 
diaminomethane (TGDM) and diamino-diphenyl 
methane (DDM) which have high resistance to radia- 
tion. These epoxy resins are compositized with glass 
fibers which have undergone surface treatment using an 
aromatic silane coupling agent with this same high 
radiation resistance, thus producing an FRP which can 
withstand 90 Curries of radiation. 
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The evaluation standard for insulating materials in 
fusion reactors is considered to be 50 Curries and the 
new FRP satisfactorily clears this hurdle. 


Development Begins on Design and Autocontrol 
Support Systems 


4306305 1c Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 24 May 89 p 5—FOR OFFICIAL USE ONLY 


[Text] The Science and Technology Agency will embark 
on the development of support systems for the automatic 
operation and effective design of next generation nuclear 
reactors with outstanding economic and safety charac- 
teristics. They will decide on concrete concepts in June. 
At the present time the design of a nuclear reactor 
requires 200 to 300 people over a long period, four to 
five years, but by making free use of artificial intelli- 
gence, etc., it will become possible to accomplish this 
with few people in a short period of time. Another goal is 
giving reactors functions such as auto-control of opera- 
tion and automatic accident inspection. The establish- 
ment of basic technologies for achieving nuclear reactors 
from new concepts with good safety characteristics will 
be one step in the rebirth of nuclear power. 


The design support system is called ADES (Advanced 
Design and Evaluation System) and the basic concept 
was studied by the “Committee Investigating the 
Advancement of Technologies Supporting Atomic 
Energy R&D” (Chief Investigator, T. Kondo, Professor 
at Tokyo University) which was established in October 
of last year as an investigative organization for H. 
Hirano, head of the Atomic Energy Bureau. They will 
complete their final written report in mid-June. 


The Committee has set an eventual ADES goal of a form 
which “is not only extremely effective in the design of 
nuclear reactors, but automatically operates during 
nuclear power accidents through self-diagnosis as to how 
operation should be altered.” They look toward its 
realization by creating a data base from knowledge 
concerning design, construction, and operation which 
has accumulated over the years and through simulation 
tests using artificial intelligence, CAD/CAM (design/ 
manufacture using computers), and supercomputers. 


Computers came to be used in nuclear reactor design 
around 1960. And yet the Committee created the first 
generation ADES by substituting for the simple action of 
calculating neutron behavior within reactors. They have 
set the fifth generation as their ultimate goal. At the 
present time they are working on the second generation 
in which they have begun little by little to integrate 
design data with calculation programs which have under- 
gone fragmentation. It has been proposed that a third 
generation ADES be developed with integration accom- 
plished with great speed. 


In the future they feel that the fifth generation will be 
achieved by supplementing and combining this data 
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with data on the management of manufacturing pro- 
cesses and maintenance inspections and with informa- 
tion on repair techniques. When fifth generation ADES 
is utilized in the design field, it is expected to become 
possible to take work which has up to now required 200 
to 300 people for four or five years and complete it with 
much fewer personnel, only three or four people. 


Among next generation reactors there are inherently safe 
light water reactors, supersmall reactors, TRU (transu- 
ranium element) annihilation treatment reactors, etc. 
However, it appears that all of them will require enor- 
mous amounts of capital for development at the concep- 
tual design stage and they say that ADES will be an 
effective tool in reducing these burdens. 


Toshiba Designs Simplified Light Water Reactor 


43063051d Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 31 May 89 p 13—FOR OFFICIAL USE 
ONLY 


[Text] Toshiba has completed the conceptual design of a 
simplified light water reactor making use of natural 
circulation using heat and gravity. They envision a 
small-scale BWR (boiling water reactor) with a an output 
of 300,000 kilowatts and they have devised it so that 
safety systems will operate naturally if by chance 
machinery does fail during an accident. Simplified light 
water reactors have outstanding safety characteristics 
compared to existing light water reactors and U.S. and 
Japanese businesses are speeding their research and 
development. In the future Toshiba will present the 
reactor to electric power companies both here and 
abroad and will make a list of improvements by gath- 
ering their requirements. 


The model name for this simplified light water reactor is 
“TOSBWR900P.” Even among simplified light water 
reactors, it makes relatively freer use of natural heat 
circulation. 


Its special feature is that it has done away with pumps 
recirculating cooling water from the pressure vessel by 
looking closely at the phenomenon in light water reactors 
whereby there is natural convection in the cooling water 
whose temperature is raised by the heat generated. In 
January 1989 the recirculation pump was damaged in 
Reactor 3 at Tokyo Electric Power’s Fukushima 2 
Nuclear Power Plant, but in a simplified light water 
reactor, there would have been no worry. 


Furthermore, water is not only stored in the high- 
pressure pressure storage vessel located near the pressure 
vessel, but it is also located diagonally above. Existing 
nuclear power plants have ECCS (emergency core 
cooling systems) and water is injected using pumps when 
there is an accident within the reactor core. In simplified 
light water reactors, however, in event of an accident, 
water is injected naturally into the reactor core using 
pressure and gravity. 
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Figure: Conceptual Diagram of the “TOSBWR900P,” 
Toshiba’s Simplified Light Water Reactor 


They have also designed it so that the control rods which 
control the reaction of the reactor are located directly 
above the reactor core and in event of an emergency they 
will be lowered by gravity. In existing types of BWR the 
control rods are located below the reactor core and they 
have changed this. 


The containment vessel which houses the entire reactor 
is large compared to existing types. This is because they 
have made every effort to not utilize pumps which are 
convenient in reducing size. 


Research into simplified light water reactors has flour- 
ished since 1979 when operators at the Three Mile Island 
Nuclear Plant in the United States made errors in the 
operation of the ECCS, thereby causing a large-scale 
accident. In the United States Westinghouse Electric 
(WH) and General Electric (GE) are pushing ahead with 
research and development and in Japan, aside from 
Toshiba, Hitachi and Mitsubishi Heavy Industries are 
doing the same. Japanese electric power companies are 
also concerned and the Japan Electric Power Company is 
in the vanguard of research. 


Hitachi Designs Simplified Light Water Reactor 


4306305 le Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 24 Jun 89 p 5—FOR OFFICIAL USE ONLY 


[Text] Hitachi has completed the conceptual design of a 
medium/small simplified light water reactor, the 
“HSBWR-600” (output, 600,000 kilowatts). They have 
reduced the amount of machinery such as pumps as 
much as possible and have designed it so that in event of 
an emergency, safety systems will operate using natural 
forces. At the same time, in order to solve the problem 
that medium- and small-scale simplified light water 
reactors tend to have increased power generation costs, 
they will work hard on lowering costs and in the future 
will line up improvements so that power generation costs 
will be less than those of existing BWR with the same 
output. 


Simplified light water reactors are reactors which pre- 
vent the occurrence of accidents from the breakdown of 
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machinery by making every effort to incorporate natural 
circulation from gravity and heat and natural forces such 
as stored pressure. On the other hand, because they do 
not use pumps which are convenient for reducing the 
size of nuclear reactors, the reactor pressure vessels 
cannot help but be large and to this extent construction 
and power generation costs tend to be relatively higher. 


The “HSBWR-600” reactor pressure vessel designed 
here is 6.3 meters in diameter, fairly large compared to 
those of BWR with the same output (4.7 meters). How- 
ever, Hitachi has incorporated many of their own 
devices in order to lower construction costs. 


In specific terms they have utilized large-scale turbines 
within the generators and have limited condensate 
supply systems to one system. In doing so the types of 
machinery required by the condensate supply system 
become fewer than for dual systems. 


By widely utilizing steel frame construction and by 
employing block construction methods, they have short- 
ened construction times by one third, from those of 
present (approximately four years) to 32 months. When 
construction times are shortened, interest rates which 
the electric power companies bear during construction 
are reduced and this results in construction cost curtail- 
ment. 


One of the devices employed is the placement above the 
core of about twice the number of fuel rods found in 
BWR with the same output, thereby taking reverse 
advantage of the fact that the reactor pressure vessel is so 
large. In ordinary BWR one third of the fuel rods must 
be replaced once a year, but with a greater number of fuel 
rods, long term operation for about two years becomes 
possible. In this way operation expenses are reduced, 
thus lowering power generation costs. 
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According to Hitachi, construction and power genera- 
tion costs for the “HSBWR-600” will still be less than 
those for BWR with the same output. Accordingly, they 
will listen in the future to the opinions of the electric 
power companies and make a list of further improve- 
ments. In terms of economic characteristics, in the future 
they hope to be on a par with large-scale BWR with 
outputs of 1.1 million kilowatts and to be superior to 
those with the same output. 


World’s Highest Laser Fusion Compression 
Density Achieved 


43063069b Tokyo MAINICHI SHIMBUN in Japanese 
13 Jul 89 p 3—FOR OFFICIAL USE ONLY 


[Text] On 12 July the Osaka University Laser Fusion 
Research Center (S. Nakai, chief) announced that they 
had been successful in bringing fuel pellets (small 
spheres) made of plastic to the world’s highest compres- 
sion density, 600 grams per cubic centimeter using their 
laser fusion test device, ““Gekko Number 12.” At the 
Plasma Fusion Society meeting to be held in October in 
Hokkaido the Center will announce that it feels that “We 
have been able to demonstrate that if laser outputs can 
be increased to ten times those of today, it will be 
possible to achieve a critical condition (condition where 
energy generated corresponds to that invested), the first 
stage in realizing a fusion reactor.” 


Nuclear fusion is a phenomenon where enormous 
amounts of energy are generated when light-weight 
atoms such as deuterium collide and their nucleii join 
together. The reaction is the same as that which occurs 
on the sun and fusion may also be called “artificial sun.” 
In laser fusion the nuclear fusion reaction is brought 
about by beaming powerful laser light on fuel pellets 
filled with deuterium and tritium, thereby compressing 
them. Research organizations in Japan, the United 
States, Europe, and the Soviet Union are engaged in 
experimentation. 
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National Strategy for SMES Planned 


43067160a Tokyo ASAHI SHIMBUN in Japanese 
22 Jun 89 p 3—FOR OFFICIAL USE ONLY 


[Text] Japan’s plan to <.:velop small and medium-sized 
power storage units will be firmed up by 21 June. The 
units will enable the storage of electrical power under- 
ground beneath buildings, and then supply the power 
during peak demand during the day. Practical applica- 
tion of the units is expected to be achieved before the end 
of the century. The project has been called a joint 
project, involving both government and private sectors, 
and blueprints have already been developed for the 
storage units. Japan has been the leading developer of 
superconductive materials, and prospects for this 
achievement are said to be extremely favorable. This 
achievement will greatly influence plans pertaining to 
energy supply in the upcoming century, and it will also 
have an effect on the development objectives of Euro- 
pean and American countries. According to the Super- 
conductor Energy Storage Research Association (SMES), 
which is comprised of 45 major manufacturers involved 
in electrical power equipment, heavy equipment and 
construction, the plan calls first for development of a 
small-capacity unit (100-1,000 kW/hr). A medium- 
capacity unit (10,000-100,000 kW/hr) will be developed 
before the year 2,000. The units will have a wide range of 
applications, serving as power sources for linear motor 
cars and in steel rolling mills. These applications involve 
a large amount of load fluctuation. The units will also be 
useful during power outages in urban areas. If medium- 
capacity units had been installed underground beneath 
buildings, the metropolitan power outage which 
occurred two years ago could possibly have been 
avoided. The projected cost for the development is ¥ 50 
billion. The units incorporate a toroidal coil design. The 
smaller unit (100 kW/hr) has 36 superconductive coils, 
each having a diameter slighter more than the height of 
an average adult, and the coils are arranged in a donut 
configuration. The diameter of the donut is 40 meters. 
By applying electrical current and short-circuiting the 
ends of the coils, the current will flow continuously 
without attenuation and it will be stored in the space 
located in the middle of the donut in the form of 
electromagnetic energy. Storage efficiency will be 90 
percent. Since the magnetic field does not leak from the 
coil, it will pose no threat to human health or to the 
environment. In the current stage of development, 
superconductive materials made of conventional alloys 
are being cooled with liquid helium. Once high temper- 
ature superconductive materials are developed which 
can be cooled with less expensive liquid nitrogen, they 
will be used on a more practical basis. Switching to the 
liquid nitrogen cooled materials will result in a smaller 
size and decrease the construction and operational costs 
by a factor of two. The research association intially 
proposed the development of a large power stroage unit 
to replace low efficiency pumping generators. However, 
this would require extensive land, and due to the enor- 
mous development cost the project was revised to the 
smaller capacity unit. Mr. A. Tanaka, director of the 
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Superconductor Engineering Research Center, antici- 
pates a “high probability of success” for the project. In 
addition, the Mitsubishi Heavy Industry Group is 
involved in detailed designing activities. Major manu- 
facturers and universities are also boosting research 
efforts in this regard. 


New Synthesis Method for High Quality 
Superconductor: Hosokawa Micron 


43067160b Tokyo NIKKAN KOGYO SHIMBUN in 
Japanese 23 Jun 89 p 12—FOR OFFICIAL USE 
ONLY 


[Text] Hosokaw Micron has established a new technique 
for the efficient synthesizing of high temperature super- 
conductor. It entails a method for surface fusion utilizing 
the strong mechanical/chemical reaction of several types 
of source particulates. With one operation, a composite 
microsome is produced having the characteristics of a 
high temperature superconductor. Hosokawa Micron 
has developed the synthesizing device which utilizes this 
technique and will sell it to researchers involved in the 
development of high temperature superconductor mate- 
rials. The new device applies Hosokawa’s manufacturing 
technique called the ““mechano-fusion system” for com- 
posite microsomes. The composite microsomes are 
made by forcefully fitting several different particulate 
materials together, and changing the crystal lattice struc- 
ture on the particulate surface. In this way, a new 
material can be obtained having chracteristics not 
obtainable through former methods of simple mixing. 
The technique can be used for any high temperature 
superconductor such as lanthanum, bismuth, or yttrium 
based systems. The synthesizing equipment called the 
“superconductor particulate processing system” will be 
marketed beginning mid-July and will cost ¥8 million. 
The equipment will be useful in producing thin film 
synthesis target materials, superconductive wiring, and 
superconductive magnets. Hosokawa is the first com- 
pany to succeed in developing the synthesizing equip- 
ment. 


Neodymium Base Superconductor Stable Under 
High Pressure 


43067160c Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 25 May 89 p S—FOR OFFICIAL USE ONLY 


[Text] A research team headed by Prof. N. Mori of 
Tokyo University’s Materials Laboratory discovered 
that the critical temperature of a neodymium based high 
temperature superconductor does not rise when high 
pressure is applied, unlike other high temperature super- 
conductor materials. (The critical temperature is the 
temperature at which electrical resistance drops to zero.) 
The team claims that a special crystalline structure 
accounts for this phenomenon, and feels that it will lead 
to an understanding of the mechanism involved in 
superconductors. This was reported in the 25 May issue 
of British scientific magazine called Nature. The 
research team applied pressure of 2.5 giga pascal 
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(approximately 25,000 times normal atmospheric pres- 
sure) to a neodymium, cerium, and copper oxide mate- 
rial. Even so, the critical temperature did not change, but 
remained at an absolute temperature of 21° (-251°C). 
When strontium was mixed into the oxide material, the 
critical temperature remained the same at one atmo- 
sphere, but the crystal configuration changed. Under 
high pressure (2.5 giga pascal), the critical temperature 
reportedly rose 7°. The phenomenon whereby critical 
temperature rises in conjunction with pressure is nor- 
mally exhibited in lanthanum and yttrium based super- 
conductor materials. The Tokyo University team reports 
that the different crystal configuration greatly affects the 
high pressure response, and that this will be a significant 
tool in developing high performance superconductor 
materials. 


World’s Largest Lanthanum Gallium Oxide 
Single Crystal 

43067160d Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 1 Jun 89 p 18—FOR OFFICIAL USE ONLY 


[Text] The Shin-Etsu Chemical Industrial Co. is the first 
Japanese company to succeed in manufacturing a lan- 
thanum gallium oxide single crystal. Applications for 
this crystal are being sought as a substrate for thin film 
superconductor oxide. To manufacture high quality 
single crystal thin film, a large aperture quality substrate 
is needed having a similar superconductor crystal lattice 
constant (inter-atomic distance). Former methods have 
used a magnesium oxide or strontium titanate substrate 
in the manufacture of yttrium/barium/copper oxide 
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single crystal substrates. However, the lanthanum gal- 
lium oxide is reportedly superior because it has a more 
similar lattice constant and a lower reactivity of the film. 
This single crystal is currently the world’s largest ingot, 
having a diameter of 4 cm and a length of 5 cm. It is 
produced by mixing lanthanum oxide and gallium oxide 
together, melting the material, and forming the crystal by 
the Czochralski method (pulling the crystal while rotat- 
ing). Shin-Etsu has sliced this ingot, processed it into 
wafers and polished each wafer before shipping. The 
single crystal thin film of superconductor oxide is made 
using the epitaxial method whereby atoms are accumu- 
lated on the single crystal substrate in a consecutive 
manner in accordance with the atomic positions of the 
substrate. The lanthanum gallium oxide has the same 
perovskite crystal structure as the yttrium/ 
barium/copper oxide, and the inter-atomic distance is 
also reportedly very similar. A US association reported 
in November 88 that the lanthanum gallium oxide 
crystal was the superior of all substrates for application 
in yttrium/barium/copper oxide based superconductors. 
This is because the lanthanum gallium, along with lan- 
thanum aluminate, has a small inductivity, similar lat- 
tice constant, and minimal reactivity with film. At 
present, Litton Systems Inc. and Advanced Technologies 
Inc. of the US are producing lanthanum gallium sub- 
strates having an aperture of 2.5 cm. Litton began selling 
its product in Japan at the beginning of this year. 
Shin-Etsu Chemical has been progressively increasing 
the aperture size of the lanthanum gallium crystal. It has 
also been involved in developing a lanthanum aluminate 
crystal and other rare earth perovskite crystals. It will 
proceed to provide samples of these developments in the 
future. 


FOR OFFICIAL USE ONLY 




















